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Reconnaissance  U–Pb sensitive  high-resolution  ion  microprobe  (SHRIMP)  zircon  dating  of  gneisses,
granitoids  and  greenstones  from  well-documented  study  areas  within  the  Tanzania  Craton  indicates
that:  (1)  ∼2815–2691  Ma  greenschist-amphibolite  facies  greenstones  and  associated  granitoids  are
conﬁned  within  extensive  >3600  Ma  granitoid–gneisses  in  the  Central  Tanzania  Region;  (2) greenschist-
amphibolite  facies  greenstone  rocks  from  the  Singida-Mayamaya  Terrane  in  the  south-eastern  Lake
Nyanza  Superterrane,  Lake  Victoria  Region  are older  than  2681  Ma;  (3)  greenschist  to  lower-granulite
facies  granitoid–greenstone  belts  from  the  Kilindi-Handeni  Superterrane,  within  the  largely  Neoprotero-
zoic  Southern  East  African  Orogen  are  older than  2670  Ma;  and  (4) the  granitoid–greenstone  belts  within
the  Dodoma  Basement  Superterrane,  Central  Tanzania  Region  and  Kilindi-Handeni  Superterrane,  South-
ern East  African  Orogen  are  broadly  coeval  with  ∼2823–2671  Ma granitoid–greenstone  belts  in  the  Lake
Nyanza  Superterrane,  in the Lake  Victoria  Region.
The  basement  to  juvenile  greenstone  rocks  in  the Central  Tanzania  Region  includes  E-W-trending
orthogneisses.  These  comprise  largely  >3140  Ma diorite  to  granodiorite  gneisses  with  rafts  and/or  tec-
tonic  enclaves  of  supracrustal  rocks,  including  ∼3600  Ma  fuchsitic  sericite  quartzite,  which  forms  part  of
the ∼25  km  by 5 km  Simba-Nguru  Hills  in the  Undewa-Ilangali  Terrane.  This  quartzite  contains  detrital
4013–3600  Ma  zircons  that  deﬁne  ancestral  cycles  of  protracted  magmatism  in  their  as  yet  undetected
source  terranes.
In  addition  to the ∼2815–2670  Ma  granitoids  and  greenstones  in  the  >3000  Ma gneisses  and  grani-
toids  within  the  widely  accepted  marginal  zone  of  the  Tanzania  Craton,  the  Lake  Nyanza  Superterrane
extends  east  into  the  Kilindi-Handeni  Superterrane,  in  the  largely  Neoproterozoic  Southern  East  African
Orogen.  In this  Superterrane,  Neoarchean  igneous  and  sedimentary  rocks  in  the  Mkurumu-Magamba  Ter-
rane  record  ∼620–603  Ma amphibolite-granulite  facies  metamorphism,  ∼585–575  Ma partial-melting,
and  emplacement  of enderbitic-charnockitic  granitoids.  They  also  record  a  short-lived,  but signiﬁcant,
570–560  Ma  period  of  exhumation  and  emplacement  of  high-grade  metamorphic  rocks  on  to  basement
rocks  of  the  proto-Archean  craton  within  the  Central  Tectonic  Zone  in the  Southern  East  African  Orogen.. Introduction
.1. PreambleAn integrated reassessment of the Precambrian Shield of Tan-
ania deﬁnes the ﬁrst- and second-order tectonic framework of
he Archean Tanzania Craton and surrounding Proterozoic Orogens
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(Kabete et al., 2012). At the ﬁrst-order scale, the Tanzania Cra-
ton comprises a series of broadly, NW-SE to WNW-ESE trending
crustal blocks (superterranes), which are deﬁned by their lithos-
tratigraphic units, abundance of intrusive granitoids and granitic
gneisses, and the orientation of their major structures and intru-
sions. These crustal blocks are deﬁned through interpretation
of country-wide geophysical imagery, particularly aeromagnetic
Open access under CC BY-NC-ND license.data, and regional quarter-degree-sheet geological maps. Second-
order component crustal blocks, namely terranes and domains, are
further constrained through interpretation of high-resolution geo-
physical imagery and some ground-checking by reconnaissance
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Fig. 1. Crustal blocks which make up the Archaean Tanzania Craton (Lake Victoria and Central Tanzania Regions) and Proterozoic Orogens with signiﬁcant Archean
proto-crust (after Kabete, 2008). Upper case acronyms = SUPERTERRANE; lower case acronyms = terranes.
Tectonic Region and contained Superterranes are listed geographically from north to south; and Terranes/Domains from west to east:
Lake Victoria Region: ELVST: East Lake Victoria: nmt  (North Mara); mmt  (Mara-Mobrama); mkt (Musoma-Kilimafedha); mst (Maswa-Serengeti)
MLEST: Mwanza-Lake Eyasi: mmt  (Mwanza-Magu: Fig. 2); mnt  (Malita-Ngorongoro: Fig. 2)
LNST: Lake Nyanza: skt (Sukumaland): kmt  (Kahama-Mwadui); nst (Nzega-Sekenke); smt  (Singida-Mayamaya); Iht (Fig. 2)
(Iaida-Haidon); ktt/ktd (Kaniha-Tinde: Fig. 2)
Central Tanzania Region: MMST: Moyowosi-Manyoni
DSST: Dodoma Schist
DBST: Dodoma Basement: dgt (Dodoma Gneiss); uit (Undewa-Ilangali)
EUMST: Eastern Ubendian-Mtera: eut (East Ubendian); imt  (Isanga-Mtera)
Northwest Tanzania Orogen: KBST: Kalenge-Burigi: nbt (Nyakahura-Burigi)
Southern East African Orogen TF: Tectonic Front: sit (Segela-Itiso); usd (Usagaran Domain)
Central Tectonic Zone: MMST: Mbulu-Masai; KHST: Kilindi-Handeni: sgt (Songe); mmt  (Mkurumu-Magamba); ukt (Ukaguru);
UKST: Usagara-Ukaguru: mpt  (Mpwapwa): rut (Ruaha)
Eastern Granulite Zone: UPST: Uluguru-Pare: smd  (Same Domain); lsd (Lushoto Domain); ult (Ulugulu), shown in more details
in  Fig. 3.
.
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Fig. 2. A map  showing terranes that make up the greenstone-abundant Lake Nyanza Superterrane (skt, kmt, nst), and granitoid–gneiss abundant Mwanza-Lake Eyasi and
Moyowosi-Manyoni Superterranes in the Lake Victoria Region of Tanzania. Acronyms as in Fig. 1. Also shown as numbers are critical ages for the crustal evolution of the
Lake  Nyanza Superterrane interpreted from available previous robust ages: (1) ∼2738–2667 Ma supracrustal accumulation; ∼2700–2666 Ma  felsic-granitoid emplacement
in  the Sanza-Geita Domain; (2) peak of deformation ∼2680 ± 3 Ma (Kahaman Orogeny); (3) ∼3118 Ma  minimum age for the basement rocks in the Kahama-Mwadui Terrane;
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a4a)  ∼2803–2650 Ma  (Golden Pride) and (4b) ∼2803–2654 Ma (Nyakafuru) felsic 
round Buzwagi; (6) ∼2843 ± 44 Ma  supracrustal accumulation of the maﬁc volca
arama-Rwamagaza Belt (scb); (7) ∼2803–2650 Ma  supracrustal accumulation in t
apping (Kabete, 2008). Broadly, the northern half of the Tanzania
raton, referred to as the Lake Victoria Region, is made up of two
lassic Neoarchean granitoid–greenstone superterranes compris-
ng <2850 Ma  supracrustal rocks and syn-volcanic to syn-kinematic
ranitoids, separated by an intervening superterrane of widespread
ranitoids intrusive into gneisses and granulites (Figs. 1 and 2).
he southern half of the Tanzania Craton, referred to as the Cen-
ral Tanzania Region, is made up of three distinctive superterranes
omprising migmatitic gneisses with variable, but subordinate,
longate greenstone domains and associated intrusive granitoids
Fig. 1).
A broadly N-S trending reworked craton margin, referred to
s the Tectonic Front Zone by Kabete et al. (2012),  is at a high
ngle to the broad trends of the superterranes of the Tanzaniaatic emplacement in the Siga-Mabale Belt; (5) ∼2680–2660 Ma  felsic magmatism
cks and felsic-maﬁc granitoid emplacement between ∼2842 and 2653 Ma in the
ga Belt (nzb).
Craton and the various tectonic components which deﬁne the Cen-
tral Tectonic Zone in the Southern East African Orogen (Stern,
1994). The Tectonic Front Zone is parallel to sub-parallel to the
suture zone between the Central Tectonic Zone and the Neo-
proterozoic Eastern Granulite Zone of thrust-transported gneissic
granulites and juvenile supracrustal rocks (Kabete et al., 2012).
The Central Tectonic Zone is a collage of variably oriented, poly-
deformed amphibolite-granulite facies terranes (Shackleton, 1986;
Muhongo and Lenoir, 1994; Muhongo and Tuisku, 1996; Fritz et al.,
2009), sutured together by widely-spaced E-W to NE-SW trend-
ing structures, and cross-cut by NW-SE trending transfer faults and
NE-SW trending faults.
The broadly E-W trending lithotectonic components of the Cen-
tral Tectonic Zone are broadly contiguous with the superterranes
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Fig. 3. Regional geologic-tectonic map  showing crustal blocks and belts that make up the southeastern part of the Tanzania Craton and Southern East African Orogen of
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canzania. Acronyms as in Fig. 1 as well as: nmd (Ngeze-Mkurumu Domain); hwd (Ha
Magambazi-Manga Belt).
nd terranes of the Craton itself (Figs. 2 and 3). The gross geo-
ogical morphology of the Tanzania Craton is similar to that of
ther better documented cratons, such as the southern Supe-
ior Province of Canada (e.g. Percival et al., 2001; Percival, 2007;
obert et al., 2005) and the Yilgarn Craton of Western Australia
Robert et al., 2005). The composite sub-parallel belts in better
onstrained cratons have been variously considered to represent
 series of accreted or collisional belts reactivated rift basins within
lder crustal segments (Myers, 1997, Yilgarn Craton; Percival,
007, Superior Province). These cratons have been subdivided into
uperterranes, terranes and domains in a hierarchical tectonic clas-
iﬁcation (Myers, 1997), as a consistent approach to understanding
rustal growth processes. Similar tectonic subdivisions of thei-Wami Domain); kmd  (Kwa-Mkono Domain); mlb  (Mkurumu-Libabala Belt); mmb
Tanzania Craton (Figs. 1 and 3) have recently been attempted by
Kabete et al. (2012).  In most cases, the boundaries that separate
belts of pre-greenstone gneisses and migmatites with syn- to late
kinematic granitoids from belts of juvenile supracrustal rocks and
post-tectonic granitoids are derived from qualitative interpreta-
tion of remotely sensed images at a regional scale (Kabete et al.,
2012). The crustal blocks deﬁned by this process include contiguous
oceanic and continent crust that constitute superterranes, terranes
and domains, sutured to pre-existing sialic blocks along active con-
tinental margins by accretionary tectonic processes.
In this paper, robust age constraints are presented for accu-
mulation of supracrustal sequences and for magmatic and
peak-metamorphic events of the tectonic units within the three
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tig. 4. Regional geology of Undewa-Ilangali Terrane in the Central Tanzania Region
reas  shown in Figs. 5 and 6.
ectonic-metallogenic regions of Tanzania (i.e. the Lake Victoria,
entral Tanzania and Tanzanian Proterozoic Regions). The geol-
gy of the superterranes, terranes, domains and component belts
hich were sampled from these regions (Kabete, 2008) is brieﬂy
iscussed, followed by a description of the dated rocks, and presen-
ation and interpretation of the new U–Pb SHRIMP geochronology.
he critical samples for this study were taken from: (1) the Undewa-
langali Terrane of the Dodoma Basement Superterrane in the
entral Tanzania Region (Fig. 4); (2) the Singida-Mayamaya Ter-
ane of the south-eastern part of the Lake Nyanza Superterrane in
he Lake Victoria Region (Figs. 2 and 3); and (3) the Mkurumu-
agamba Terrane of the Kilindi-Handeni Superterrane in the
outhern East African Orogen of Tanzania (Fig. 3). These terranes are
escribed in this sequence, broadly in order of decreasing age. The
ew U–Pb SHRIMP zircon ages from the Tanzania Craton and South-
rn East African Orogen are used, in conjunction with pre-existing,
ostly less robust, geochronology, to elucidate the tectonic history
f the Precambrian Shield and, in particular, to determine whether
he E-W-trending superterranes and terranes in the Southern East
frican Orogen contain reworked Archean terranes.
.2. Regional geological setting
The Archean Tanzania Craton (BRGM, 2004), part of the East
frican Craton (Pinna et al., 1996), comprises a component of the
ub-circular composite Congo Craton which is sutured together by
roterozoic mobile belts (e.g. Kröner, 1977). To the southwest, the
ast Ubendian Superterrane (EUMST: Fig. 1), is part of the Archean
anzania Craton sutured to the Zambian Craton by the Paleopro-
erozoic Usagaran and Ubendian Mobile Belts. To the west, theing domains, belts and gold occurrences, sample locations and the detailed study
Archean Tanzania Craton is sutured to the Archean Kasai Craton
by the NE-SW to NNE-SSW trending Mesoproterozoic Karagwe-
Ankolean Belt of metasedimentary and intrusive maﬁc-ultramaﬁc
rocks. The latter is separated from the Tanzania Craton by the
Bukoban Group of ∼800 Ma rift-related platformal volcanosedi-
mentary and siliciclastic sedimentary rocks. The Bukoban Group
has recently been re-interpreted by Tack et al. (2010) to be part
of the same foreland basin which formed the Mesoproterozoic
Karagwe-Ankolean Belt. These belts are not further discussed in
this paper.
To the east, the Archean Tanzania Craton is sutured to the Neo-
proterozoic Pan-African Belts (Shackleton, 1986; Muhongo and
Lenoir, 1994; Muhongo and Tuisku, 1996; Fritz et al., 2009), which
are part of the Southern East African Orogen, discussed below.
2. Geological setting and existing geochronology data
2.1. Archean Tanzania Craton
Relatively few robust age data are available from the Tanzania
Craton (e.g. Borg and Krogh, 1999; Manya and Maboko, 2003; Wirth
et al., 2004; Cloutier et al., 2005; Manya et al., 2006; Chamberlain
and Tosdal, 2007; Table 1). These age data are used, in conjunc-
tion with previous Rb/Sr and K/Ar ages (Cahen et al., 1984; Dodson
et al., 1975; Ueda et al., 1975; Harris, 1981; Bell and Dodson, 1981;
Rammlmair et al., 1990) mainly from granitoids and pegmatite
veins, to interpret the minimum ages of magmatism and volcan-
ism in the Lake Nyanza Superterrane of the Lake Victoria Region.
In some cases, these less reliable ages have been complemented
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Table 1
Available robust isotopic ages and source references from different terranes and belts in the Lake Nyanza Superterrane.
Terrane Belt Dated feature Age ± 2ı (Ma) Method (all zircons) Interpretation Reference
Sukumaland Sarama Rwamagaza Volcanic 2821 ± 30 U–Pb SHRIMP Volcanism (pyroclastic tuff) Chamberlain and Tosdal (2007)
Sukumaland Siga-Mabale Felsic 2779 ± 13 U–Pb SHRIMP Volcanism (pyroclastic tuff) Chamberlain and Tosdal (2007)
Sukumaland Siga-Mabale Rhyolite 2770 ± 9 U–Pb SHRIMP Volcanism (pyroclastic tuff) Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Diorite 2758 ± 7 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Diorite 2758 ± 6 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Diorite 2743 ± 14 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Gabbro 2743 ± 12 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Tonalite 2738 ± 9 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Bulyanhulu-Ushirombo Dacite 2719 ± 16 U–Pb SHRIMP Volcanism (pyroclastic tuff) Chamberlain and Tosdal (2007)
Sukumaland Bulyanhulu-Ushirombo Porphyry dyke 2710 ± 20 U–Pb SHRIMP Volcanism (minimum) Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita BIF-Sedimentary rock 2702 ± 8 U–Pb SHRIMP Provenance Chamberlain and Tosdal (2007)
Sukumaland Siga-Mabale Porphyry dyke 2700–3100 U–Pb SHRIMP Provenance Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Belt Gneiss 2698 ± 12 U–Pb SHRIMP Deformation Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Quartz porphyry 2697 ± 10 U–Pb SHRIMP Volcanism (minimum) Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Quartz-feldspar porphyry 2695 ± 18 U–Pb SHRIMP Volcanism (minimum) Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Lamprophyre 2686 ± 13 U–Pb SHRIMP Gold mineralization (minimum age) Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Feldspar dyke 2670 ± 21 U–Pb SHRIMP Volcanism (minimum Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Porphyry dyke 2667 ± 14 U–Pb SHRIMP Volcanism (minimum Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita Granitoid 2666 ± 8 U–Pb SHRIMP Deformation Chamberlain and Tosdal (2007)
Sukumaland Bulyanhulu-Ushirombo Sandstone 2659 ± 41 U–Pb SHRIMP Provenance Chamberlain and Tosdal (2007)
Sukumaland Siga - Mabale Belt Granodiorite 2653 ± 10 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita (S. Geita) Quartzite 2650–2700 U–Pb SHRIMP Provenance Chamberlain and Tosdal (2007)
Sukumaland Biharamulo-Geita (N. Geita) Sandstone 2650–2700 U–Pb SHRIMP Provenance Chamberlain and Tosdal (2007)
Sukumaland Bulyanhulu-Ushirombo Granitoid 2646 ± 14 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Sarama-Rwamagaza Tonalite 2567 ± 10 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Sukumaland Siga-Mabale Rhyolite 2808 ± 3 U–Pb conventional Volcanism (pyroclastic tuff) Borg and Krogh (1999)
Sukumaland Siga-Mabale Rhyolite 2780 ± 3 U–Pb conventional Volcanism (pyroclastic tuff) Borg and Krogh (1999)
Sukumaland Biharamulo-Geita Diorite 2699 ± 9 U–Pb conventional Magmatism Borg and Krogh (1999)
Sukumaland Siga-Mabale Belt Rhyolite 2654 ± 15 U–Pb conventional Volcanism (pyroclastic tuff) Borg and Krogh (1999)
Sukumaland Biharamulo-Geita Lamprophyre 2644 ± 3 U–Pb conventional Deformation (minimum) Borg and Krogh (1999)
Nzega-Sekenke Iramba Sekenke Belt Diorite 2751 ± 17 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Nzega-Sekenke Kahama-Nyanza Rhyolite 2725 ± 22 U–Pb SHRIMP Volcanism (pyroclastic tuff) Chamberlain and Tosdal (2007)
Nzega-Sekenke Manonga Gneissic Belt Rhyolite 2717 ± 10 U–Pb SHRIMP Volcanism (pyroclastic tuff) Chamberlain and Tosdal (2007)
Nzega-Sekenke Nzega Dacite 2695 ± 12 U–Pb SHRIMP Volcanism (pyroclastic tuff) Chamberlain and Tosdal (2007)
Nzega-Sekenke Nzega Porphyry dyke 2680 ± 13 U–Pb SHRIMP Volcanism (minimum age) Chamberlain and Tosdal (2007)
Nzega-Sekenke Nzega Sandstone 2655–3100 U–Pb SHRIMP Provenance Chamberlain and Tosdal (2007)
Nzega-Sekenke Nzega Granodiorite 2655 ± 16 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Kahama-Mwadui Kahama-Nyanza Tonalite 2765 ± 25 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Kahama-Mwadui Kahama-Nyanza Granitoid 2680 ± 9 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
Kahama-Mwadui Kahama-Nyanza Granitoid 2656 ± 11 U–Pb SHRIMP Magmatism Chamberlain and Tosdal (2007)
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r replaced by conventional U–Pb ages from additional samples,
lthough some have poorly constrained ﬁeld relationships. Supert-
rranes in the Central Tanzania Region are reviewed on the basis
f the geological map  of BRGM (2004),  with geochronological data
ainly from Grantham et al. (1945),  Wendt et al. (1972),  Dodson
t al. (1975),  Cahen et al. (1984),  Goodwin (1990) and Walraven
t al. (1994).
.1.1. Central Tanzania Region
Granitoid–gneiss basement rocks, which crop out extensively
n the Central Tanzania Region and sporadically in the Lake Vic-
oria Region, evolved between ∼3120 Ma  and 2530 Ma,  based
argely on K–Ar whole-rock ages (Cahen et al., 1984; Goodwin,
990; Walraven et al., 1994). The high-grade gneiss and granitoids
nd relatively thin greenstones in the Moyowosi-Manyoni, Dodoma
asement and Schist Superterranes of the Central Tanzania Region
eﬁne discrete sub-parallel belts as in the Lake Victoria Region
Fig. 1). The Isanga-Mtera Terrane, which is largely underlain by
ranitoid–gneiss and migmatitic rocks, is part of the East-Ubendian
tera Superterrane, which evolved between ∼3200 and 2850 Ma
Pinna et al., 1996). This is within the ∼>3120 and 2530 Ma  age
racket proposed by Walraven et al. (1994) for the evolution of the
odoma Basement Superterrane in the Central Tanzania Region.
The alternating greenstone-dominant and granitoid–gneiss
ominant belts (Fig. 1) are interpreted to be a result of craton-wide
ompressional to transpressional tectonic processes during ﬁnal
ratonization of the Tanzania Craton (Kabete et al., 2012).
.1.2. Lake Nyanza Superterrane, Lake Victoria Region
There have been dramatic advances in both geological research
nd gold exploration in the western part of the Lake Nyanza Supert-
rrane since the onset of intensive gold exploration in Tanzania
n 1998. The main focus has been on belts with previous min-
ng histories (e.g. the Sukumaland Terrane: Kuehn et al., 1990;
arth, 1990; Borg et al., 1994; Borg and Shackleton, 1997; Borg and
rogh, 1999; Manya and Maboko, 2003; BRGM, 2004; Chamberlain,
003; Chamberlain et al., 2004; Chamberlain and Tosdal, 2007;
osdal and Chamberlain, 2008). Results from these projects have
pgraded understanding of the temporal evolution of the Sukuma-
and, Kahama-Mwadui and Nzega-Sekenke Terranes of the western
ake Nyanza Superterrane. Prior to the work of Manya and Maboko
2003), Cloutier et al. (2005),  Chamberlain and Tosdal (2007), and
osdal and Chamberlain (2008),  Borg and Krogh (1999) suggested
hat the maximum and minimum ages for felsic volcanism in the
ukumaland and Kahama-Mwadui Terranes (Figs. 1 and 2) were
808 ± 3 Ma  and 2654 ± 15 Ma,  respectively. These dates include a
680 ± 3 Ma  U–Pb single zircon age (Borg and Krogh, 1999) from
hyolite and rhyolitic pyroclastic rocks in the Kahama-Nyanza Belt,
ahama-Mwadui Terrane (Fig. 2). Although this age could be from
ircons inherited from older basement rocks, it is compatible with
he Sm–Nd model age of 2823 ± 44 Ma  interpreted by Manya and
aboko (2003) to date the eruption of the basal basic volcanic ﬂows
f the Lower Nyanzian Supergroup in the Sukumaland Terrane (i.e.
aﬁc greenstones in Fig. 2). The 2780 ± 3 Ma  age for felsic volcanic
ocks in the Kahama-Mwadui Terrane (Borg and Krogh, 1999) is also
ithin the ∼2840–2640 Ma  age range, interpreted by Chamberlain
nd Tosdal (2007) and Tosdal and Chamberlain (2008),  for accu-
ulation of volcanosedimentary rocks in the Sukumaland and
zega-Sekenke Terranes (Figs. 1 and 2). Coeval emplacement of
2780–2660 Ma  syn-volcanic, maﬁc to intermediate granitoids
ook place before widespread intrusion of late- to post-kinematic
elsic granitoids between ∼2660 and 2640 Ma  in the Sukumaland
nd Nzega-Sekenke Terranes (Figs. 1 and 2 and Table 1).
The timing of the initial phase of deformation, following accre-
ion of greenstone rocks on to continental crust in the Lake
yanza Superterrane, is inferred from a U–Pb SHRIMP zircon ageh 216– 219 (2012) 232– 266
of 2686 ± 13 Ma  from a deformed and gold-mineralized lampro-
phyre dyke in the Sanza-Geita Domain of the Sukumaland Terrane
(Table 1). A similar dyke was  earlier dated by Borg and Krogh (1999),
who interpreted it to have been emplaced at 2644 ± 3Ma  on the
basis of a U–Pb conventional zircon age. The 2686 ± 13 Ma age is
the best estimate for the minimum age of the early compressive
tectonic events (Kabete et al., 2012, Fig. 13).  The maximum age
of late-stage deformation in the Sukumaland Terrane is inferred
from a U–Pb SHRIMP zircon age of 2666 ± 8 Ma (Table 1) from
strongly deformed, NW-SE trending granitoid gneiss, that is part
of the extensive lithotectonic units which bound the greenstone
belts in the Sukumaland Terrane (Fig. 2).
The ∼2686 Ma  minimum age for early deformation in the Suku-
maland Terrane is within error of a 2680 ± 3 Ma  single zircon age
from paleosome bands of migmatitic gneiss in the Kahama-Nyanza
Belt (Borg and Krogh, 1999), tentatively re-interpreted by Kabete
(2008) to date the peak of deformation and metamorphism in the
Kahama-Mwadui Terrane (Figs. 1 and 2). The Rb/Sr whole-rock age
of 2570 ± 50 Ma  (Rammlmair et al., 1990) from a melanosome band
in the same migmatitic gneiss is re-interpreted by Kabete (2008)
as a cooling age after peak metamorphism and deformation. This
interpretation is consistent with the re-interpretation of Walraven
et al. (1994) that the Rb/Sr whole-rock age of 2530 ± 50 Ma  of Cahen
et al. (1984) represents a craton-wide cooling age.
The interpretation that greenstones in the Kahama-Mwadui Ter-
rane (e.g. Kahama-Nyanza Belt) are allochtonous (Kabete, 2008) is
supported by the absence of inherited zircons older than 3120 Ma
in rhyolitic pyroclastic rocks of the Kahama-Nyanza Belt (Table 1).
These felsic volcanic rocks accumulated between ∼2850 and 2660
Ma prior to their thrust transportation and emplacement on to
>3120 Ma  (Ueda et al., 1975) granitoid–gneiss basement rocks in
the Kahama-Mwadui Terrane during the Neoarchean. However, the
presence of 2700–3100 Ma xenocrystic zircons in a porphyry dyke
from the Siga-Mabale Belt, Sukumaland Terrane (Table 1) further
indicates diverse temporal evolution histories for the crustal blocks
which amalgamated to form the Lake Nyanza Superterrane.
Prior to the new tectonic subdivisions (Kabete et al., 2012),
the south-east extension of the Lake Nyanza Superterrane into
the Singida-Mayamaya Terrane was  poorly understood (e.g. BRGM,
2004). This is probably due to the strong deformation and high-
grade metamorphism of up to amphibolite and locally granulite
facies preserved by the majority of rocks in the Singida-Mayamaya
Terrane. Some belts in this terrane within the N-S trending
Tectonic Zone are presumed to be overprinted by Neoprotero-
zoic tectonothermal events. However, there are no speciﬁc ages
for volcanism, sedimentation, magmatism, peak deformation and
metamorphism, and tectonothermal overprints to underpin these
geological interpretations.
2.2. Proterozoic Regions of Tanzania
2.2.1. Southern East African Orogen
The Mozambique Belt (Holmes, 1951) or Pan-African Belt
(Kennedy, 1964) comprises the East African Orogen of Stern (1994).
The latter constitutes the Northern East African Orogen of Neo-
proterozoic greenschist-amphibolite facies granitoid–greenstone
belts of the Arabian Nubian Shield, and the Southern East African
Orogen of reworked Archean-Paleoproterozoic rocks and Neopro-
terozoic amphibolite-granulite facies igneous-sedimentary rocks
(e.g. Muhongo, 1994; Muhongo and Lenoir, 1994; Maboko and
Nakamura, 1996; Muhongo and Tuisku, 1996; Möller et al., 1998,
2000; Maboko, 2000, 2001; Muhongo et al., 2001, 2003; Maboko
and Nakamura, 2002; Johnson et al., 2003; Reddy et al., 2003;
Sommer et al., 2003, 2005). The Southern East African Orogen com-
prises the Northern and Southern Mozambique Belt (Fritz et al.,
2005, 2009).
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Kabete (2008),  Kabete et al. (2008, 2012) proposed a new
ectonic subdivision for the Tanzania Craton and reviewed its
mplications for gold metallogeny. Their work in the Southern
ast African Orogen of Tanzania (Fig. 3) is based on the qualita-
ive interpretation of remotely-sensed images, combined with the
omprehensive works of Hepworth (1972),  Shackleton (1986) and
inna et al. (1996),  and, at a more detailed scale, from the work of
ritz et al. (2005),  Vogt et al. (2006),  Cutten et al. (2006) and Tenczer
t al. (2007).  The subdivision in the Southern East African Orogen
SEAO) includes:
1) The Tectonic Front Zone comprising the reworked Archean
craton margin, tectonically emplaced Neoproterozoic maﬁc-
ultramaﬁc rocks, and foreland basins, including the Paleopro-
terozoic Usagaran Orogen.
2) The Central Tectonic Zone comprising, from north to
south, the Mbulu-Masai (MAST), Kilindi-Handeni (KHST)
and Usagara-Usambara (UKST) Superterranes. These proto-
Archean-Paleoproterozoic crustal segments are coincident
with the Western Mozambique Belt domain of Cutten et al.
(2006),  and the Western Granulites of Fritz et al. (2005).
3) The Eastern Granulite Zone, comprising curvilinear, roughly N-
S trending Neoproterozoic crustal blocks, coincident with the
Uluguru-Pare Superterrane (Fig. 1) and/or the Eastern Gran-
ulites of Fritz et al. (2005).  Some of its crustal components
tectonically overlie the Central Tectonic Zone (e.g. MIK4, GMM7
from Table 2 and Fig. 3). The Eastern Granulite Zone is sepa-
rated from the Central Tectonic Zone by a roughly N-S trending,
curvilinear suture zone (Figs. 1 and 3).
.2.2. Review of the geochronology of the Central Tectonic Zone,
EAO
There is no robust geochronology from the Mbulu-Masai Supert-
rrane, and, as such, no further subdivision of this superterrane
as attempted. This is in contrast with the Kilindi-Handeni
uperterrane, where extensive batholiths of ∼2643–2765 Ma
nderbitic-charnockitic granitoid gneisses in the Ukaguru Terrane
ntruded ∼2896–3014 Ma  precursors to supracrustal gneisses and
ranulites (Johnson et al., 2003). These rocks have broadly simi-
ar ages of volcanism, sedimentation and intrusion to the rocks in
he Lake Victoria Region. According to Johnson et al. (2003), Reddy
t al. (2003),  and Cutten et al. (2006),  the Ukaguru-Terrane records
vidence for ∼2600–2640 Ma  amphibolite-granulite facies meta-
orphism. In the Mpwapwa Terrane (mpt: Figs. 1 and 3), detrital
ircon ages of 3507–2687 Ma  from paragneisses in the Mautia Hills
Cutten et al., 2006) further indicate that protoliths include >3120
a granitoid–gneiss basement of the Central Tanzania Region.
urther south, the Ruaha Terrane comprises >2771 ± 13 Ma  garnet-
mphibole gneiss and ∼2575 ± 26 to 2680 ± 13 Ma  late-kinematic
onalitic-trondhjemitic gneisses juxtaposed against the Proterozoic
sagaran Domain (usd: Figs. 1 and 3). These rocks preserve records
f the ∼1925 Ma  high-grade Usagaran metamorphism and a ∼640
a peak of high-grade Pan-African metamorphism (Sommer et al.,
005). The overall provenance age window of ∼3507 to 2640 Ma
e.g. Reddy et al., 2003) in the Usagara-Usambara Superterrane sug-
ests that some terranes in this part of the Southern East African
rogen were sutured to the >3120 Ma  Dodoma Basement Supert-
rrane prior to the Usagaran Orogeny, between 1877 ± 7 Ma  and
000 ± 2 Ma  (Möller et al., 2000). Both proto-Archean rocks and the
sagaran Domain were involved in ∼640 Ma  Pan African Orogeny
Table 2; Fig. 3).Magmatic U–Pb zircon ages of ∼2740–2705 Ma are recorded
rom the Mikese and Jensen quarries and ages of 2648–2608 Ma
rom Morogoro and north of Wami  River (e.g. MIK-4: Muhongo
t al., 2001; Sommer et al., 2003; Johnson et al., 2003, and referencesh 216– 219 (2012) 232– 266 239
therein; Fig. 3, Table 2). These date inliers of Archean basement
intermittently exposed in areas where parts of the ∼560–1000 Ma
(e.g. Maboko and Nakamura, 2002; Tenczer et al., 2006 and refer-
ences therein) Eastern Granulite Zone (Pare-Uluguru Superterrane)
were tectonically exhumed and eroded. However, the ∼2643 ± 16
Ma U–Pb SIMS age from zircons extracted from anorthosites in the
Pare Mountains (Tenczer et al., 2006) appears to be inconsistent
with the tectonic setting of the ∼800–880 Ma  Uluguru anorthosites
within the granulite complex around Morogoro. Despite this, as
pointed out by Tenczer et al. (2006),  the presence of Archean
anorthosites cannot be ruled out completely because the SIMS U–Pb
dating technique cannot discriminate between ages from cores and
rims on zircon grains.
3. U–Pb Zircon SHRIMP study
3.1. Rationale for the new study
Five samples were taken in order to date volcanism and felsic
magmatism in the Undewa-Ilangali Terrane of the Dodoma Base-
ment Superterrane in the Central Tanzania Region. They include
geochronology samples JK-01 to JK-03 from the greenschist-
amphibolite facies Mazoka Greenstone Belt, and geochronology
samples JK-04 and JK-05 from orthogneissic basement and rafts
and/or enclaves of siliciclastic metasedimentary belts within the
amphibolite-granulite facies Mafulungu Metamorphic Belt (Fig. 4).
Two additional geochronology samples (JK-09 and JK-10) were col-
lected from the Singida-Mayamaya Terrane, which makes up the
south-eastern part of the Lake Nyanza Superterrane. Speciﬁcally,
these samples came from the amphibolite-facies Kwa-Mtoro-
Sanzawa Greenstone Belt (ksbt: Fig. 3).
Three geochronology samples, JK-06, JK-07 and JK-08, were
collected from the Kilindi-Handeni Superterrane, and represent
gold-hosting granitoids and greenstones from the E-W to ENE-
WSW trending Ngeze-Mkurumu Domain and NW-SE trending
Handeni-Wami Domain (hwd: Fig. 3) in the Mkurumu-Magamba
Terrane, Southern East African Orogen.
These geochronology samples were taken to compare not
only greenstone evolution histories between the Dodoma Base-
ment Superterrane, Kilindi-Handeni Superterrane and Lake Nyanza
Superterrane, but also to understand the pre-greenstone history
of the basement rocks within which these juvenile supracrustal
rocks are now conﬁned (Fig. 3). The new geochronology is also
used, in conjunction with emerging robust geochronology from
the Southern East African Orogen, to further understand the
pre-Neoproterozoic tectonic evolution history of the Precambrian
Shield of Tanzania.
3.2. Sample choice and preparation
A total of ten fresh rock samples were crushed, milled and sieved
to retain the 60# mesh fraction. The material was  cleaned by nor-
mal  tap water to remove ﬁne material. Retained material was  dried
and mixed with a 2.85 ± 0.02 g/mil heavy liquid and allowed to set-
tle, separating heavy material from lighter material. Distilled water
followed by acetone was used to clean and dry the heavy fraction.
A Frantz Isodynamic magnetic separator was used to separate the
dry sample. Zircons from the non-magnetic fraction were hand-
picked under a high-magniﬁcation binocular microscope. These
grains were mounted together with chips of the Temora-2 stan-
dard zircon (206Pb/238U age of 416.8 ± 0.3 Ma:  Black et al., 2004)
and CZ3 (551 ppm U). The mount was polished to expose half-
section zircon grains, cleaned and dried. The mounts were imaged
by scanning electron microscopy using secondary, backscattered
electron and cathodoluminescence to reveal detailed external and
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Table 2
Robust isotopic Archean ages from the Southern East African Orogen of Tanzania, listed in order of decreasing age from each terrane.
Superterrane Terrane/domain Dated feature Age ± 2 (Ma) Method (all zircons) Interpretation Reference
Kilindi-Handeni Ukaguru Charnockitic gneiss 2713 ± 10 U–Pb SHRIMP Magmatism Johnson et al. (2003)
Kilindi-Handeni Ukaguru Garnet biotite gneiss 2700 ± 10 U–Pb SHRIMP Magmatism Johnson et al. (2003)
Kilindi-Handeni Ukaguru Tonalitic gneiss 2765 ± 11 U–Pb SHRIMP Magmatism Sommer et al. (2005)
Kilindi-Handeni Ukaguru Charnockitic gneiss 2896–3014 U–Pb SHRIMP Involvement of older crust Johnson et al. (2003)
Kilindi-Handeni Ukaguru Charnockitic gneiss 2685 ± 39 U–Pb SHRIMP Magmatism Johnson et al. (2003)
Kilindi-Handeni Ukaguru Charnockitic gneiss 2683 ± 9 U–Pb SHRIMP Magmatism Johnson et al. (2003)
Kilindi-Handeni Ukaguru Orthogneisses 2680 ± 13 U–Pb SHRIMP Magmatism Sommer et al. (2005)
Kilindi-Handeni Ukaguru Anorthosite 2643 ± 16 U–Pb SIMS Magmatism Tenczer et al. (2006)
Kilindi-Handeni Ukaguru Charnockitic gneiss 2638 ± 7 U–Pb SHRIMP Metamorphic Johnson et al. (2003)
Kilindi-Handeni Ukaguru Orthogneisses 2633 ± 13 U–Pb SHRIMP Metamorphic Sommer et al. (2005)
Kilindi-Handeni Ukaguru Charnockitic gneiss 2628 ± 21 U–Pb SHRIMP Metamorphic Johnson et al. (2003)
Kilindi-Handeni Ukaguru Charnockite gneiss 2609 ± 38 U–Pb SHRIMP Metamorphic Johnson et al. (2003)
Tectonic Front Usagaran Domain Kyanite-garnet gneiss 2427–3022 U–Pb SIMS Provenance Collins et al. (2004)
Tectonic  Front Usagaran Domain Biotite leucocratic gneiss 2561–2979 U–Pb SIMS Provenance Collins et al. (2004)
Tectonic  Front Usagaran Domain Mylonitic felsic gneiss 2959 ± 4 U–Pb SIMS Magmatism of precursor Collins et al. (2004)
Tectonic  Front Usagaran Domain Pegmatite 2500–2897 U–Pb SIMS Crustal evolution history Collins et al. (2004)
Tectonic  Front Usagaran Domain Granite gneiss 2705 ± 11 U–Pb SHRIMP Magmatism Reddy et al. (2003)
Tectonic  Front Usagaran Domain Mylonitic felsic gneiss 2678 ± 5 U–Pb SIMS Magmatism Collins et al. (2004)
Usagara-Ukaguru Mpwapwa Saphirine-orthopyroxene gneiss 3507 ± 5 U–Pb SHRIMP Provenance Cutten et al. (2006)
Usagara-Ukaguru Mpwapwa Saphirine-orthopyroxene gneiss 2777 ± 4 U–Pb SHRIMP Provenance Cutten et al. (2006)
Usagara-Ukaguru Mpwapwa Sapphire-quartz pegmatite 2615–2746 U–Pb SHRIMP Crustal evolution history Cutten et al. (2006)
Usagara-Ukaguru Mpwapwa Saphirine-orthopyroxene gneiss 2687 ± 15 U–Pb SHRIMP Provenance Cutten et al. (2006)
Usagara-Ukaguru Mpwapwa Kyanite quartzo-feldspathic gneiss 2600–2681 U–Pb SHRIMP Magmatism (provenance) Cutten et al. (2006)
Usagara-Ukaguru Mpwapwa Kyanite quartzo-feldspathic gneiss 2532–2617 U–Pb SHRIMP Metamorphic (provenance) Cutten et al. (2006)
Usagara-Ukaguru Ruaha Maﬁc granitoid gneiss 2771 ± 13 U–Pb SHRIMP Involvement of older crust Sommer et al. (2005)
Usagara-Ukaguru Ruaha Maﬁc granitoid gneiss 2630 ± 16 U–Pb SHRIMP Magmatism Sommer et al. (2005)
Usagara-Ukaguru Ruaha Maﬁc granitoid gneiss 2721 ± 16 U–Pb SHRIMP Magmatism Sommer et al. (2005)
Usagara-Ukaguru Ruaha Trondhjemitic gneiss 2650 ± 14 U–Pb SHRIMP Magmatism Sommer et al. (2005)
Usagara-Ukaguru Ruaha Garnet- maﬁc granitoid gneiss 2630 ± 16 U–Pb SHRIMP Magmatism Sommer et al. (2005)
Uluguru-Pare Uluguru Granitoid gneiss 2705 ± 0.3 Pb/Pb zircon evaporation Magmatism Muhongo et al. (2001)
Uluguru-Pare Uluguru Granitoid gneiss 2740 ± 0.3 Pb/Pb zircon evaporation Magmatism Muhongo et al. (2001)
Uluguru-Pare Uluguru Granitoid gneiss 2608.2 ± 0.2 Pb/Pb zircon evaporation Magmatism Muhongo et al. (2001)
Uluguru-Pare Uluguru Biotite paragneiss 2566 ± 9 U–Pb SHRIMP Provenance Maboko (1995)
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nternal morphologies of zircons. The samples were then cleaned
nd coated with gold to yield an across-mount resistance of 5–20 ,
eady for ion-microprobe SHRIMP II analysis. The Temora-2 stan-
ard zircon with a known U/Pb ratio was used for calibration
nd zircon standard CZ3 was used as a reference for U-content
Nelson, 1996). In order to deﬁne a representative age popula-
ion, analyses with high common Pb corrections (typically > 1%) and
iscordance (typically > 5%) were not considered. Obvious outliers
ere removed and subtle outliers were assessed by calculating
ean square of weighted deviates (MSWD) to identify coherent
opulations. In addition, interpretations of growth and recrystal-
ization zones from SEM images were integrated with the statistical
ssessment of age populations.
.3. U–Pb in zircon SHRIMP geochronology analytical methods
The U–Pb and Th–Pb geochronology technique utilizes minerals
ith high U/Pb and Th/Pb ratios, such as zircon, titanite, apatite and
onazite, to determine absolute ages for formation of these miner-
ls. The SHRIMP uses Koehler focusing of an O2− ion beam to make
n situ U–Th–Pb isotope analyses with a spot size of 25–30 m on
ectioned zircon grains (Compston et al., 1984; Smith et al., 1998;
illiams, 1998). Zircon applications are enhanced by scanning
lectron microscope (SEM) techniques, in which the backscattered
lectron (BSE) and cathodoluminescence (CL) are capable of reveal-
ng the internal morphology of zircons to aid data interpretation.
n situ analyses of U–Pb and Th–Pb in zircon using SHRIMP II is the
referred high-precision dating techniques capable of providing
obust geochronological age data of discrete zones or areas within
ingle grains (Williams, 1998), and largely avoids ambiguous U–Pb
iscordance patterns sometimes obtained from analyzing a mix-
ure of zircon age populations by other U–Pb and Pb–Pb isotope
echniques.
Scanning Electron Microscope (SEM) images of zircons in this
tudy were taken using a Phillips JEOL-6400 SEM at the Univer-
ity of Western Australia. Calculations of ages, either 207Pb/206Pb or
06Pb/238U, are based on the isotopic constants of Steiger and Jäger
1977). In cases where ages are calculated from lower and upper
ntercepts of the discordia line with the concordia, Isoplot2000 is
sed to estimate the respective best-ﬁt ages (Ludwig, 1990). Ages
uoted in the text are at 2 error, whereas those in the tables of
nalytical results are reported at 1 error.
Statistical information on zircon standards for all analytical ses-
ions is presented in Appendix A.
. Geology of the Undewa-Ilangali Terrane
The geology of the Undewa-Mazoka and Mafulungu-Ilangali
ub-Terranes is brieﬂy discussed in this section because these
erranes provide all geochronology samples dated from the
ndewa-Ilangali Superterrane (Fig. 4). The Undewa-Mazoka Sub-
errane is underlain by relatively thick granitoid–greenstone
omains, whereas the Mafulungu Metamorphic Belt is underlain by
xtensive conformable granitoid gneisses and migmatitic gneisses
ith relatively thin maﬁc-ultramaﬁc supracrustal rocks, including
trongly siliciﬁed greenstones.
.1. Undewa-Mazoka Sub-Terrane
The Undewa-Mazoka Sub-Terrane comprises the WNW-ESE to
-W trending Mazoka Greenstone Belt and the transverse, NE-
W-  to ENE-WSW trending Undewa Conglomerate Belt (Fig. 4).
he Mazoka Greenstone Belt is subdivided into two  sectors; the
outhern sector of strongly sheared, folded and foliated dolerite
ills in basalts and andesitic volcanic rocks, with discontinuous
utcrops of pelitic amphibole-schist, and the northern sector ofh 216– 219 (2012) 232– 266 241
ferruginized pyroclastic tuffs, rhyolite with interbands of gossans,
thin interbands of fuchsitic chert and BIFs intruded by apophyses of
amphibole ± biotite granitoids (Fig. 5). There are ultramaﬁc intru-
sive rocks, quartz-feldspar porphyry, diorite gneisses and siliciﬁed
gabbroic rocks and late kinematic K-feldspar granitoids further to
the northeast of the belt. Pelitic to volcaniclastic metasedimen-
tary rocks in the belt preserve tight isoclinal and drag folds, which
are locally attenuated towards E-W trending shear zones, mainly
between altered amphibole granitoid and greenstone sequences
(Fig. 6). Apophyses of biotite ± amphibole granitoids are part of the
internal granitoids mapped within the greenstone sequences.
4.2. Mafulungu-Ilangali Sub-Terrane
The Mafulungu-Ilangali Sub-Terrane comprises three domains.
From north to south, these are: (1) the Migmatitic Domain
of dioritic to granodioritic gneisses and conformable grani-
toid gneisses; (2) the Nsimba Nguru-Hills Domain of gneissic
porphyritic diorite, and linear to curvilinear, massive to shear-
foliated and recrystallized fuchsitic-sericite quartzite, with local
quartzite-amphibole-chlorite schist and mylonitic zones; and (3)
the Dibwalimonga Domain of extensive maﬁc gneiss and granulites
and schist belts to the south (Figs. 4–6). The Sub-Terrane contains
alternate belts of E-W trending syn- to late-kinematic amphibole-
biotite granitoids.
Within the Sub-Terrane, the gold-hosting Mafulungu Meta-
morphic Belt is underlain by deformed porphyritic diorite with
rafts of recrystallized ﬁne-grained fuchsitic quartzite, strongly
shear-foliated biotite-quartzo-feldspathic gneisses, maﬁc schist,
amphibole and talc-altered ultramaﬁc schist and phyllite. Across
the Kisigo River, the Mafulungu Metamorphic Belt extends into
the Shankala-Kisigo Belt (Fig. 4), characterized by epidote-altered
maﬁc amphibolite, shear-foliated amphibole ± biotite quartzo-
feldspathic gneisses, granodiorite and diorite gneisses which crop
out continuously along the river and sporadically towards the
Shankala Hills (Fig. 4). Shear-laminated quartz-feldspar veins and
tight to isoclinal folds are preserved in biotite-granodiorite and
diorite gneisses. The latter also contains rafts of recrystallized
fuchsitic quartzite and xenoliths of greenstone lithologies, all sug-
gesting syn-kinematic intrusion of the diorite into the supracrustal
rocks. Metamorphic minerals, such as green amphibole, biotite and
garnet, or quartz laminations and stockwork quartz veins in the gra-
nodiorite and diorite gneisses and maﬁc gneisses, are considered to
be the result of syn-deformation intrusion of K-feldspar granitoids.
Apart from these metamorphic minerals, pervasive and vein-type
epidote, siliciﬁcation and potassic alteration in strongly deformed
granodiorite, hybrid granodiorite and biotite quartzo-feldspathic
gneisses (Barth et al., 1996) are a result of hydrothermal alteration
in the Undewa-Ilangali Terrane.
4.3. Description of dated rocks from the Undewa-Ilangali Terrane
4.3.1. Hornblende-granitoid (JK-01: zircon mount UWA  05-88A)
Sample JK-01, a hornblende granitoid, is from the two, E-
W-trending granitoids which bound the maﬁc-felsic supracrustal
rocks that underlie the Mazoka Greenstone Belt (Figs. 4 and 5).
These granitoids intruded a crustal-scale structure, which was
either reactivated by later events and deformed them, or they
represent syn-kinematic granitoids. Petrographic studies tend to
support the former interpretation as there is a weak fabric crosscut
by a widely spaced fracture cleavage (Fig. 7A). The mineral assem-
blage includes actinolite, biotite after hornblende and sericite after
plagioclase, as well as chlorite after biotite, mainly along fractures
and along inter-granular spaces. The moderate to weak structural
overprints and recrystallization of the igneous texture suggest that
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Fig. 5. Detailed geology of the selected part of the Mazoka Greenstone Belt, Undewa-Ilangali Terrane, Central Tanzania Region, showing geochronology sample locations.
Fig. 6. Detailed geology of the selected part of the Mafulungu Metamorphic Belt, Undewa-Ilangali Terrane, Central Tanzania Region, showing geochronology sample locations.
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Fig. 7. Photographs showing polished slabs of (A) late-kinematic hornblende-granitoid, similar to sample JK-01; (B) strongly altered amphibole-granitoid (sericite-alteration,
quartz  veins and gold mineralized; sample JK-02); (C) strongly deformed intermediate volcanic rock (similar to sample JK-03); (D) a porphyritic andesite sample JK-03 from
the  Mazoka Greenstone Belt; (E) biotite-amphibole schist (deformed and altered diorite; sample JK-04); (F) quartz-diorite schist (JK-04); (G) fuchsitic-sericitic quartzite from
Simba-Nguru Hills (JK-05); (H) a photomicrograph of same rock illustrating the fabric deﬁned by sericite and fuchsite from the Mafulungu Metamorphic Belt.
t
t
e
ahe precursor magma  crystallized during a late, but major, tectono-
hermal event.
Examination of the SEM images (BSE, CL and secondary
lectron) of zircons extracted from sample JK-01 reveals vari-
ble morphological features, including least-modiﬁed, elongate,prismatic grains with continuous, euhedral, internal growth-
zoning, and their mechanically fragmented equivalents (Fig. 8A).
Some preserve internal, oscillatory, igneous growth zoning,
whereas others with very faint internal growth zoning have angular
to partly resorbed, external morphology (Fig. 8B).
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2:  C and D) and altered porphyritic andesite (JK-03: E, F, and G) from the Mazoka G
JK-05: J, K, and L) from the Mafulungu Metamorphic Belt, illustrating oscillatory ig
.3.2. Biotite-quartz-feldspar schist (JK-02: zircon mount UWA
5-88B)
Sample JK-02 is a concordant biotite-sericite-quartz-feldspar
chist (Fig. 7B), which is part of a series of syn-orogenic apophy-
es of amphibole ± biotite granitoids, quartz diorite, dolerite and
abbro. These crop out extensively along major lithologic contacts
etween pillow basalts and porphyritic andesite and along the E-
-trending shear zones in the Mazoka Greenstone Belt (Fig. 5).om hornblende granitoid (JK-01: A and B), altered amphibole-granitoid schist (JK-
tone Belt; and quartz-diorite schist (JK-04: H and I) and fuchsitic-sericite quartzite
 zoning, modiﬁed internal morphologic features and fragmented margins.
SEM images of zircons from sample JK-02 reveal two  groups: (1)
elongate to stubby prismatic grains with clear internal oscillatory-
growth zoning and ovoid to multifaceted external morphologies
(Fig. 8C), and mechanically broken fragments of the elongate type;
and (2) least-modiﬁed external morphologies with only slightly
resorbed edges, and with unusually faint internal zoning (Fig. 8D)
and their signiﬁcantly modiﬁed and metamict grains equivalents.
These zircon grain morphologies do not represent end-members
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f the typical igneous zircons, which are commonly elongate pris-
atic to stubby-prismatic grains with uninterrupted, oscillatory
nternal growth zoning. Characterization of zircons from this sam-
le is based on the variable degrees of internal features, such as the
esolution, abnormality and discontinuity of the growth zoning and
ractures. Other morphological features, such as external morphol-
gy, are based on degree of mechanical abrasion and magmatic and
etamorphic resorption. No distinct cores were identiﬁed in the
ircon populations of sample JK-02.
.3.3. Porphyritic andesite (JK-03: zircon mount UWA  06-07A)
A light green porphyritic andesite (sample JK-03; Fig. 7C and D)
s part of the suite of intermediate to felsic volcanic rocks which
orm the northern sector of the Mazoka Greenstone Belt, north
f the internal maﬁc to felsic granitoids (Fig. 5). These rocks are
eparated from the pillow basalts by a protomylonite zone, which
plays across and, in part cross cuts, concordant granitoid schist and
aﬁc schist after dolerite. The strong shear foliation in these rocks
s overprinted by a high density of irregular fractures, stockwork
uartz stringers and veins (Fig. 7C and D), some containing both
racture-ﬁlling and disseminated pyrite. A set of NE-SW-trending
icro-faults, dolerite and felsic dykes, and cross-faults segment the
azoka Greenstone Belt (Figs. 5 and 7C).
SEM examination of zircons from sample JK-03 reveals the
ollowing morphologic groups: (1) typically elongate, prismatic
rains with weakly resorbed external morphologies (Fig. 8E), some
ith a clear core-rim relationship, with the core preserving typical
gneous growth zoning (Fig. 8F); (2) grains with a clear stubby pris-
atic core completely overgrown by a rim with euhedral growth
oning atypical of metamorphic overgrowth (Fig. 8F); and (3) ovoid,
ell-rounded to rounded and multifaceted morphologies, some
ith inherited igneous textures (Fig. 8G). Rounding in those grains
ay  have resulted from either metamorphic or magmatic pro-
esses, or by mechanical abrasion. The texture of the cores of most
ircons is typical of igneous zircons. However, the grain morpholo-
ies from sample JK-03 are difﬁcult to use as a discriminating factor
or the provenance, as they appear to have undergone resorption
ither prior to, or after, solidiﬁcation. The rounded, ovoid and cus-
ate morphological zircon types with transgressive boundaries (e.g.
ig. 8E and G) are typical of zircon recrystallization or new zircon
rowth after formation of the precursor rock.
.3.4. Quartz-diorite gneiss (JK-04: zircon mount UWA  05-88C)
Geochronology sample JK-04, biotite-sericite quartzo-
eldspathic gneiss after quartz diorite (Fig. 7E and F), is typical of
ocks which underlie large parts of the Mafulungu Main and Kisigo
iver Domains in the Mafulungu Metamorphic Belt (Figs. 4–6). The
elt comprises juxtaposition of dolerite sills, hornblende-biotite
ranitoid, dioritic gneiss, hybrid granodiorite and maﬁc schist,
anked by the E-W-trending fuchsitic-sericite quartzite (sample
K-05) and massive to weakly schistose diorite and gabbroic rocks.
he latter differs from JK-04 in that it contains rafts, enclaves and
enoliths of fuchsitic-sericite quartzite, which have, in places,
ecrystallized to form fuchsite and sericite-rich cherty quartzite.
bout 90 percent of zircons extracted from sample JK-04 are
elatively ﬁne to medium grained, subhedral to elongate grains
ith homogeneous, internal, oscillatory igneous growth zoning
ypical of igneous zircons (Fig. 8H). Some have fragmented to
esorbed margins (Fig. 8I).
.3.5. Fuchsitic-sericite-quartzite (JK-05: zircon mount UWA
5-89A)A fuchsitic-sericite quartzite underlies almost 90 percent of the
-W-trending Simba-Nguru Hills in the Mafulungu Metamorphic
elt (Fig. 4). To the immediate south, the quartzite is ﬂanked by
elatively less-deformed diorite and gabbroic rocks with xenolithsh 216– 219 (2012) 232– 266 245
and small rafts of cherty, fuchsitic-sericite quartzite (Fig. 7G and H).
To the far north and south, the quartzite is intruded or juxtaposed
by diorite and granodiorite orthogneisses, some now migmatite
(Figs. 4–6).  Field observations, conﬁrmed by petrographic studies,
show well-developed C-fabrics, closely-spaced fracture cleavages,
and alternate interbands of quartz-and fuchsitic-sericite-rich inter-
bands in the quartzite, which are, in places, overprinted by
high-angle fractures and micro-faults (Fig. 7H). Sample JK-05 is
a fuchsitic-sericite quartzite which contains relatively abundant
rutile, chromite and pyrite cubes, and lesser zircon, amphibole,
fuchsite and sericite (Fig. 7H). The presence of chromite and fuchsite
together suggest that the source of the protolith to the siliciclastic
quartzite included both felsic and ultramaﬁc rocks. Primary sedi-
mentary features preserved by rafts of quartzite in a late-kinematic
diorite suggest abrupt changes in the depositional environment.
The late-kinematic diorite intruded the contact between fuchsitic
quartzite and diorite, quartz-diorite and granodiorite (orthogneiss
and TTG-granitoid) in the Mafulungu Metamorphic Belt (Fig. 6).
Zircon morphologies from sample JK-05 are mainly detrital,
from at least four source regions (Fig. 9F). Among those, a mixed
population of zircons with Th/U ratios of 0.2–1.44, preserve varied
external and internal morphologic features clearly demonstrating
their igneous protolith (Fig. 8J). There are neither metamorphic zir-
cons nor overgrowth rims in the population (Fig. 8J–L). Instead,
they preserve gross grain morphologies including least modiﬁed
elongate igneous zircons (Fig. 8J and K), some with mechanically
fragmented external morphologies (Fig. 8K). Others clearly show
modiﬁcation by either metamorphic or mechanical abrasion before
their deposition (Fig. 8L).
4.4. Results and interpretations from the Undewa-Ilangali
Terrane
4.4.1. Hornblende granitoid (JK-01: zircon mount UWA  05-88A)
Table 3 presents U–Th–Pb compositions and isotope data for
27 zircon analyses. About half the analyses have >10% discordance
and/or common Pb > 1%, and are excluded from the discussion and
age calculations. Seven zircon analyses from grains 11, 13, 18, 33
and 34 produce ages from 2892 ± 10 Ma  to 2718 ± 16 Ma  (Table 3)
from grain cores that are signiﬁcantly older than the remaining
group of data. They are most likely xenocrysts, and show that the
precursor magma  was contaminated by older crust.
The 207Pb/206Pb age of 2691 ± 7 Ma  (MSWD  = 0.67) is calculated
from a population of the remaining eight analyses on seven zircons,
consisting of elongate to near-prismatic grains with clear internal
zoning, some mechanically fragmented (e.g. Fig. 8A), and least-
modiﬁed elongate prismatic zircons (e.g. grains 21, 26, Table 3).
Also included in this population are zircons whose internal mor-
phologies range from almost featureless (Fig. 8B) to those with faint
internal zoning characterized by relatively high U concentrations
and near-concordant ages. The ages of 2892 ± 10 Ma  from grain
13-1 and 2752 ± 14 Ma  from grain 34-3 are interpreted as the min-
imum age of the crust underlying the Mazoka Greenstone Belt and
indeed the Undewa-Mazoka Sub-Terrane (Fig. 4). Without a clus-
tering of ages from inherited grains, it is not known whether the
ages represent formation ages, mixed ages where an analysis over-
laps two  different generations of zircon growth, or minimum ages
due to Pb-loss. The data appear to form a poorly deﬁned Pb-loss
chord on a concordia diagram (Fig. 9A). The upper intercept with
the concordia could deﬁne the minimum age of magmatism. How-
ever, all analyses with >260 ppm U are >5% discordant and it is
inferred that diffusional Pb-loss from metamict areas was prob-
ably responsible for both high discordance and young ages. This
makes an interpretation of a tectono-thermal event from the lower
concordia intercept difﬁcult to justify.
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cig. 9. Concordia diagrams of ion-microprobe SHRIMP data from zircon extracted 
elt  (D and E). (F) Cumulative probability histogram of SHRIMP ages of detrital zirc
.4.2. Biotite-quartz-feldspar schist (JK-02: zircon mount UWA
5-88B)
Some 27 analyses on 21 grains are presented in Table 4,
nd plotted on the U–Pb concordia diagram (Fig. 9B). About
0 percent of the zircons analyzed from this sample con-
ain high U, which has led to enhanced radiation damage,
iscordance, and high common Pb contents, together with
igniﬁcant Pb loss (Table 4). Of the 11 analyses which
ontain relatively low common 204Pb and are concordantrocks dated from the Mazoka Greenstone Belt (A–C) and Mafulungu Metamorphic
m a fuchsitic-sericitic quartzite.
to near concordant (1–10% discordance: Table 4),
zircon grains 19-1 and 25-1 have signiﬁcantly younger ages
and are considered to be statistical outliers affected by slight
diffusional Pb-loss. Two analyses on zircon grain 23 are older,
and are interpreted as a xenocrystic age. These are not included
in the age calculation. The remaining seven analyses contain
relatively low-U (<320 ppm) and <1% common Pb, and yield a
statistically identical 207Pb/206Pb age of 2702 ± 6 Ma (2, n = 7,
MSWD  = 1.01), which is interpreted as the emplacement age
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Table  3
SHRIMP data from zircons extracted from sample JK-01: UWA  05-88A, a hornblende granitoid, Mazoka Greenstone Belt, Undewa-Ilangali Terrane.
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 207Pb206U
Age (Ma)
±1 %Disc.
1-1 897 1349 1.55 6.12 0.1397 0.0064 3.85 0.18 0.200 0.003 2224 79 89
2-1  403 883 2.26 3.67 0.1706 0.0048 8.25 0.26 0.351 0.005 2563 47 32
3-1  5893 8343 1.46 4.50 0.0819 0.0027 1.22 0.04 0.108 0.001 1244 64 89
4-1 345 79 0.24 2.05 0.1778 0.0025 8.45 0.16 0.345 0.004 2633 23 38
6-1 784 221 0.29 1.51 0.1555 0.0014 8.47 0.12 0.395 0.005 2407 16 12
11-1*  177 100 0.58 0.17 0.1872 0.0019 12.00 0.20 0.465 0.006 2718 16 10
12-1  293 154 0.54 0.84 0.1701 0.0022 8.25 0.15 0.352 0.005 2558 21 32
13-1*  109 77 0.73 0.13 0.2083 0.0013 14.56 0.24 0.507 0.008 2892 10 9
14-1  118 106 0.92 0.09 0.1841 0.0015 12.20 0.20 0.481 0.007 2690 13 6
16-1  136 116 0.88 0.22 0.1837 0.0011 12.50 0.19 0.493 0.007 2686 10 4
17-1  146 119 0.84 0.25 0.1852 0.0011 12.04 0.18 0.471 0.006 2700 10 8
17-2 260 290 1.15 0.14 0.1851 0.0008 11.83 0.16 0.464 0.006 2699 7 10
18-1*  258 177 0.71 0.07 0.1883 0.0009 12.82 0.17 0.494 0.006 2727 8 5
18-2*  260 192 0.76 0.29 0.1874 0.0008 12.98 0.17 0.502 0.006 2720 7 4
19-1  279 302 1.12 0.45 0.1831 0.0009 11.84 0.16 0.469 0.006 2681 8 8
21-1 212 294 1.43 0.47 0.1766 0.0011 9.71 0.14 0.399 0.005 2622 10 21
22-1  415 502 1.25 0.81 0.1820 0.0025 9.87 0.18 0.393 0.005 2671 23 25
23-1  557 479 0.89 0.80 0.1576 0.0010 5.78 0.08 0.266 0.003 2430 11 60
25-1  157 160 1.05 0.16 0.1792 0.0010 10.93 0.16 0.443 0.006 2645 9 12
26-1  311 171 0.57 0.43 0.1840 0.0014 11.80 0.24 0.465 0.009 2689 13 9
27-1 150 165 1.14 0.43 0.1765 0.0014 10.47 0.23 0.430 0.009 2620 14 14
29-1  93 47 0.53 0.55 0.1830 0.0017 12.39 0.28 0.491 0.010 2680 16 4
31-1  195 358 1.89 0.50 0.1804 0.0016 10.70 0.23 0.430 0.008 2656 14 15
33-1*  197 400 2.10 0.11 0.1876 0.0013 13.53 0.28 0.523 0.010 2721 12 0
34-1*  173 124 0.74 0.17 0.1895 0.0010 13.44 0.34 0.514 0.013 2738 9 2
34-2  128 72 0.58 0.40 0.1850 0.0013 12.67 0.27 0.497 0.010 2699 12 4
34-3*  136 87 0.67 0.28 0.1912 0.0016 13.96 0.30 0.530 0.010 2752 14 0
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2otes: (1) f206 (%) is % of 206Pb attributed to common Pb; (2) Disc. = discordance; (3
n  bold); (4) *interpreted xenocryst (see text); (5) reproducibility (2) of U/Pb for T
or the concordant granitoid, the precursor to this granitoid
chist in the Mazoka Greenstone Belt. Although zircons with
elatively high U concentrations are subhedral, elongate and
ear prismatic, some preserving typical internal igneous growth
able 4
HRIMP data from zircons extracted from sample JK-02: UWA  05-88B, a biotite-sericite qu
elt,  Undewa-Ilangali Terrane.
Grain-spot) U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1
1-1 468 249 0.55 0.09 0.1861 0.000
1-2  443 258 0.60 0.54 0.1786 0.000
2-1  315 125 0.41 0.09 0.1856 0.000
3-1  300 126 0.43 0.07 0.1834 0.000
5-1  894 431 0.50 0.41 0.1365 0.000
5-2 759 499 0.68 0.33 0.1450 0.000
6-1  345 178 0.53 0.34 0.1792 0.000
7-1  490 260 0.55 0.27 0.1716 0.000
8-1  867 586 0.70 0.39 0.1651 0.000
10-1  285 119 0.43 0.57 0.1786 0.001
11-1 479 165 0.36 0.10 0.1718 0.000
12-1  620 497 0.83 4.05 0.1508 0.003
14-1  126 107 0.88 0.09 0.1863 0.001
14-2  41 21 0.53 0.75 0.1853 0.002
16-1  360 174 0.50 0.16 0.1815 0.000
18-1  481 256 0.55 0.10 0.1746 0.000
18-2  461 241 0.54 0.11 0.1755 0.001
19-1# 349 178 0.53 0.17 0.1819 0.000
20-1  291 209 0.74 0.17 0.1856 0.000
21-1  278 141 0.52 0.14 0.1864 0.000
22-1  226 209 0.96 0.74 0.1836 0.001
23-1*  268 218 0.84 0.12 0.1901 0.000
23-2  497 446 0.93 0.98 0.1511 0.001
23-3*  213 139 0.67 0.04 0.1895 0.001
24-1  318 86 0.28 0.23 0.1843 0.000
25-1# 220 187 0.88 0.34 0.1818 0.001
26-1  85 26 0.31 0.55 0.1763 0.001
otes: (1) f206 (%) is % of 206Pb attributed to common Pb; (2) Disc. = discordance; (3) high
n  bold); (4) *interpreted xenocryst; #statistical outlier (see text); (5) reproducibility (2
6–34. common Pb and/or >10% discordant: not included in age calculation (highlighted
 2 = 2.14% (n = 9) for grains 1–25, and 3.55% (n = 17) for grains 26–34.
zoning, the majority contain faint to relic internal zoning and
dissolution features (Fig. 8C). The high degrees of discordance
from the U-rich zircons are interpreted to be largely due to
diffusional Pb-loss (Fig. 9B). The two  slightly older ages from
artz-feldspar schist (deformed and strongly altered granitoid), Mazoka Greenstone
207Pb
235U
±1 206Pb238U ±1
207Pb
206U
Age (Ma)
±1 %Disc.
6 11.46 0.14 0.447 0.005 2708 6 14
9 9.39 0.12 0.381 0.005 2640 8 27
7 11.88 0.15 0.464 0.006 2704 7 10
7 11.52 0.15 0.456 0.006 2684 7 11
6 4.13 0.05 0.220 0.002 2184 8 71
7 4.80 0.06 0.240 0.003 2287 8 65
9 8.61 0.11 0.348 0.004 2646 8 37
8 9.17 0.12 0.387 0.005 2574 8 22
8 6.94 0.09 0.305 0.004 2509 8 46
1 9.93 0.14 0.403 0.005 2640 10 21
7 7.49 0.10 0.316 0.004 2575 7 45
3 5.48 0.14 0.263 0.003 2355 37 56
0 12.83 0.22 0.499 0.008 2710 9 4
6 12.22 0.29 0.478 0.009 2701 23 7
7 11.08 0.14 0.443 0.005 2667 6 13
6 10.46 0.13 0.434 0.005 2603 6 12
1 10.42 0.16 0.431 0.006 2611 10 13
8 11.66 0.22 0.465 0.009 2670 7 9
8 13.18 0.25 0.515 0.010 2703 7 1
8 13.05 0.25 0.508 0.010 2711 7 2
3 12.25 0.25 0.484 0.009 2685 11 6
8 13.54 0.26 0.517 0.010 2743 7 2
1 6.15 0.13 0.295 0.006 2358 13 41
1 13.74 0.27 0.526 0.010 2738 9 0
8 12.26 0.24 0.482 0.009 2692 7 6
2 12.19 0.25 0.486 0.009 2670 11 4
8 9.29 0.22 0.382 0.008 2619 17 26
 common Pb and/or >10% discordant: not included in age calculation (highlighted
) of U/Pb for Temora 2 = 2.14% (n = 9) for grains 1–25, and 3.55% (n = 17) for grains
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rain 23 are from, or overlap with, the grain core, and suggest an
nherited component in the magma  with a minimum age of ∼2740
a (Fig. 8D).
.4.3. Porphyritic andesite (JK-03: zircon mount UWA  06-07A)
The data for sample JK-03 (Table 5) are plotted on a concordia
iagram (Fig. 9C). Two broad groups are identiﬁed: one is Archean
n age and the other is ∼<620 Ma,  with many intermediate anal-
ses. The older zircons are discordant and, with the probability of
iffusional Pb-loss, record minimum ages. The three most concor-
ant analyses, suggesting minimum precursor ages of 2656 ± 17,
815 ± 7 and 3140 ± 7 Ma,  are from zircon grains with contrast-
ng stubby to elongate morphologies suggesting that these zircons
ere derived from different sources. They also preserve the high-
st Th/U (≥0.7), which is typical of a magmatic precursor. If the
orphyritic andesite, as mapped in the ﬁeld, has a volcanic ori-
in, its minimum age is constrained by the later emplacement
f the JK-02 granitoid at 2702 ± 6 Ma,  which constrains volcan-
sm to the broad interval of 3140 to 2702 Ma.  Of note, the core
f one of these three grains (Fig. 8E), recording an Archean age of
815 ± 7 Ma,  is overgrown by a rim recording an age of 595 ± 6
a,  reﬂecting a signiﬁcant post-solidiﬁcation event. This event is
emonstrated by younger concordant to near-concordant analy-
es which range from ∼620 Ma  to 570 Ma,  with a spread in ages
oo great to reﬂect a single event (insert, Fig. 9C). The data reﬂect
ither multiple Neoproterozoic events or an event at the younger
nd of the range, with older ages reﬂecting a mixture of young Pb
nd a trace of residual older Pb from the Archean precursor grains:
hat is, incomplete resetting of the older grains by a ∼620 to 570
a event (Fig. 8G). Although there are insufﬁcient data to distin-
uish between these interpretations, discordance patterns in zircon
rom the strongly deformed and altered biotite granitoid schist
JK-02) and a porphyritic andesite (JK-03) indicate tectonothermal
vents between ∼620 Ma  and 570 Ma  (Figs. 9A–C). This implies
hat the ∼2815–2702 Ma  greenstone belts of the Mazoka Green-
tone Belt were tectonically reactivated and overprinted by similar
ectonothermal events that characterize much of the Southern East
frican Orogen of Tanzania (e.g. Tenczer et al., 2006, and references
herein). Although it is not possible to obtain much meaningful age
ata from the older analyses because of the high level of discor-
ance in the data, near-concordant ages from the younger grains are
reserved in luminescent cores or overgrowths, or in luminescent
ores of recrystallized zircon, mainly consisting of euhedral inter-
al growth zoning (Fig. 8E and F). These internal morphologies are
typical of peak-metamorphic zircons, which are commonly fea-
ureless, and hence are probably Archean grains which have been
early completely isotopically reset (Fig. 8E; grain 11-2: Table 5).
heir uniformly low Th and Th/U ratios indicate metamorphic
ecrystallization.
To summarize, U–Th–Pb isotopic ratios from zircons extracted
rom sample JK-03 suggest: (1) zircons from some early base-
ent rocks (i.e. >3140 Ma)  were incorporated into the magmas
esponsible for volcanic and intrusive rocks in the Undewa-Mazoka
reenstone Belt; (2) basal basaltic ﬂows and porphyritic andesite
n the Undewa-Mazoka Greenstone Belt were erupted prior to
702 ± 6 Ma,  the age of a crosscutting biotite-granitoid, now
 biotite-sericite-quartzo-feldspathic schist (sample JK-02). The
lder age limit of the greenstones in the belt is poorly deﬁned at
3140 Ma;  and (3) a major resetting event affected the belt at ∼570
a,  possibly as part of multiple phases between 620 and 570 Ma.
.4.4. Quartz-diorite schist (JK-04: zircon mount UWA  05-88C)
The data for JK-04 (Table 6) are generally discordant (Fig. 9D).
any analyses were aborted due to high U contents, which for
rains of this age would typically yield grossly discordant data.
nly those areas with the lowest U content were analyzed. Theh 216– 219 (2012) 232– 266
207Pb/206Pb ages are between ∼3230 and 3100 Ma, with the old-
est grain being the most concordant (Fig. 9D; 3230 ± 4 Ma). Zircons
extracted from this rock, including those with typical external and
internal igneous morphologies (Fig. 8H) and igneous zircons with
faint to almost featureless internal morphologies and modiﬁed
external morphologies (Fig. 8I), have suffered signiﬁcant Pb-loss
due to metamictization caused by high U contents and time. The
3230 ± 4 Ma  age is therefore considered to be the minimum age of
the precursor to the quartz-diorite schist.
4.4.5. Fuchsitic-sericite quartzite (JK-05: zircon mount 05-89A)
About 50 percent of zircons from sample JK-05 are discordant as
a result of signiﬁcant Pb-loss attributed to radiation damage, due to
their high U concentrations and age, and post-formation processes
such as weathering (Table 7). During data collection, U grains with
>∼300 ppm U (i.e. grains 1–27) were avoided after the ﬁrst analyt-
ical session. Analyses with >5% discordance were not considered
during data interpretation. There is a continuum of detrital zircon
ages in sample JK-05 (Fig. 9E and F) from ∼3890 Ma  to 3600 Ma and
a small population at ∼4020 Ma  to 4007 Ma.  The youngest popu-
lation has a 207Pb/206Pb age for magmatism at 3604 ± 6 Ma  (n = 4,
MSWD  = 1.17), which deﬁnes the maximum age of sedimentation
for the precursor to the fuchsitic quartzite (Fig. 9E and F). However,
the continuum of ages for JK-05 terminates abruptly at ∼3600 Ma,
and it is suggested that this is the approximate age of deposition for
this sample. This is broadly consistent with the 3230 Ma  minimum
age of the crosscutting quartz diorite (sample JK-04).
Apart from the youngest ∼3600 Ma  zircon population and a
small group at ∼4020 Ma  to 4007 Ma,  the dominant zircon pop-
ulations occur at ∼ 3670 Ma  to 3620 Ma  with much smaller groups
at 3740 Ma  to 3700 Ma  and 3870 Ma  to 3800 Ma  (Fig. 9F). The source
of these zircons was  clearly complex, with multiple generations of
igneous activity over a prolonged period. No rocks of these ages are
currently known from the Tanzania Craton. Given the lack of zircon
overgrowths, or newly grown zircons in JK-05 (e.g. Fig. 8J–L), the
discordance pattern is probably due to diffusional Pb-loss following
metamictization (Fig. 9E).
In summary, the U–Th–Pb isotopic ratios from zircons extracted
from quartzite sample JK-05 suggest that a pre-existing continental
crust made up of ∼4013–3604 Ma  magmatic rocks represents the
oldest part of the Archean Tanzania Craton, possibly somewhere in
the Central Tanzania Region (Figs. 1–4). The sedimentary protolith
to the fuchsitic quartzite accumulated no earlier than 3604 ± 6 Ma
(Fig. 9E and F; Table 7).
4.5. Tectonic evolution of the Undewa-Ilangali Terrane
The hornblende granitoid, sample JK-01, was  emplaced at
2691 ± 7 Ma  and incorporated >2892 ± 10 Ma  older crust. The
granitoid was  emplaced during the period ∼2900–2700 Ma  when
protracted magmatism is recorded by inherited zircons from the
Mazoka Greenstone Belt (Fig. 10). Inherited zircons extracted from
sample JK-03, a porphyritic andesite, preserve a near-concordant
older age range up to 3140 ± 7 Ma.  Rifting of the >3140 Ma
orthogneissic basement may  have led to eruption of the bimodal
volcanic rocks, including the ∼2815 ± 7 Ma porphyritic andesite, in
the Mazoka Greenstone Belt (Fig. 4). A precursor to granitoid schist,
which intruded the contact between pillow basalts and a ∼2815 Ma
porphyritic andesite at 2702 ± 6 Ma,  marks the minimum age for
volcanism in the Mazoka Greenstone Belt. The two  slightly older
zircons in the magma, with a minimum age of ∼2740 Ma,  imply
incorporation of older crust during its emplacement.
Two potential Neoproterozoic events, a regionally identiﬁed
∼620–570 Ma  event, attributed to a craton-wide tectonothermal
event, and a ∼570 Ma  event which probably reﬂects magmatism
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Table  5
SHRIMP data from zircons extracted from sample JK-03: UWA  06-07A, a deformed porphyritic andesite, Mazoka Greenstone Belt, Undewa-IlangaliTerrane.
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 Age (Ma) ±1 %Disc.
Inherited?
1-1 786 185 0.24 0.09 0.1069 0.0006 2.02 0.02 0.1371 0.0012 1747 11 111
4-1  509 32 0.07 0.11 0.1173 0.0008 2.46 0.03 0.1519 0.0014 1915 12 110
8-2  141 96 0.70 0.00 0.1986 0.0009 12.97 0.15 0.4734 0.0052 2815 7 13
10-1  299 36 0.13 0.05 0.0882 0.0009 1.43 0.02 0.1179 0.0012 1387 19 93
11-1 174 137 0.81 0.04 0.1803 0.0019 11.27 0.17 0.4533 0.0047 2656 17 10
11-2  114 5 0.05 0.11 0.0960 0.0015 1.67 0.03 0.1264 0.0016 1547 29 102
15-1 104 6 0.06 0.10 0.1146 0.0016 2.46 0.05 0.1556 0.0020 1874 26 101
17-1  132 37 0.29 0.11 0.1660 0.0011 6.66 0.09 0.2909 0.0033 2518 11 53
18-1  202 214 1.10 0.09 0.2431 0.0011 18.68 0.20 0.5573 0.0055 3140 7 10
<620  Ma
2-1 205 2 0.01 0.21 0.0584 0.0009 0.78 0.01 0.0965 0.0011 593.6 6.4 −8
3-1 771 4 0.00 0.07 0.0587 0.0004 0.77 0.01 0.0953 0.0008 586.7 4.9 −5
5-1  588 13 0.02 0.06 0.0711 0.0012 1.01 0.02 0.1030 0.0009 632.3 5.4 52
6-1 371 1 0.00 0.15 0.0591 0.0007 0.80 0.01 0.0978 0.0010 601.6 5.6 −5
8-1  254 1 0.00 0.14 0.0599 0.0007 0.80 0.01 0.0968 0.0010 595.4 6.0 1
9-1  613 35 0.06 0.06 0.0600 0.0006 0.77 0.01 0.0927 0.0008 571.7 5.0 5
12-1  242 8 0.03 0.34 0.0611 0.0010 0.85 0.02 0.1008 0.0010 619.1 6.1 4
13-1  1094 4 0.00 0.01 0.0601 0.0004 0.81 0.01 0.0972 0.0009 598.1 5.5 2
14-1  563 11 0.02 0.04 0.0636 0.0005 0.85 0.01 0.0970 0.0009 597.0 5.1 22
16-1 357 10 0.03 0.05 0.0590 0.0006 0.75 0.01 0.0922 0.0009 568.4 5.4 0
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fotes: (1) f206 (%) is % of 206Pb attributed to common Pb; (2) Disc. = discordance; (3)
4)  high common Pb and/or >10% discordant: not included in age calculation (highl
nd peak metamorphism, overprinted the terrane (Table 5). Apart
rom early Pb-loss events, the discordance patterns demonstrated
y zircons from samples JK-01 and JK-02 are similar to those
ecorded by zircons from sample JK-03 (Fig. 9C). It is likely that
his consistent loss of radiogenic Pb is attributed to high levels of
adiation damage of zircon triggered by regional tectonic reactiva-
ion and uplift, along major superterrane boundaries at ∼620–570
a.  The geological signiﬁcance of this event relates to the pres-
nce of craton-wide, cross-faults, which splay off, and/or merge
ith, older major terrane and superterrane boundaries in the East
frican Orogen (Fig. 3).
The protolith for sample JK-04, a quartz-diorite schist, intruded
he basement underlying the Undewa-Ilangali Terrane not later
han 3230 ± 4 Ma,  the minimum age for the least discordant zircon
Fig. 9D). Basement rocks in the terrane include a fuchsitic quartzite
sample JK-05), which extends west and east of the Simba-Nguru
ills for >30 km.  Zircons extracted from this rock return multiple
etrital age populations from grains with an entirely magmatic ori-
in (e.g. Fig. 8J), with euhedral zoning (Fig. 8L) and Th/U ratio of
etween 0.2 and 1.4 (Table 7). Neither metamorphic overgrowths
or newly formed metamorphic zircons are present (Fig. 8J–L). Pre-
ursor intermediate to basic magmatic rocks crystallized between
013 ± 4 Ma  and 3604 ± 6 Ma  (Fig. 10).  The absence of detrital zir-
ons younger than 3604 ± 6Ma  in the fuchsitic quartzite suggests
able 6
HRIMP data from zircons extracted from sample JK-04: UWA  05-88C, a quartz-diorite gn
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1
4-1 302 102 0.35 0.20 0.2526 0.0011
7-1  345 77 0.23 0.19 0.2513 0.0007
11-1  292 160 0.57 0.29 0.2557 0.0008
12-1  322 181 0.58 0.03 0.2572 0.0007
14-1  353 200 0.58 0.91 0.2365 0.0016
15-1  391 124 0.33 0.79 0.2423 0.0010
16-1  396 387 1.01 0.72 0.2500 0.0016
17-1  227 102 0.46 0.23 0.2457 0.0016
19-1  292 98 0.70 0.64 0.2410 0.0013
20-1 517 291 0.58 0.16 0.2437 0.0022
21-1 326 231 0.73 0.26 0.2531 0.0009
22-1  435 191 0.45 0.72 0.2393 0.0014
otes: (1) f206 (%) is % of 206Pb attributed to common Pb; (2) Disc. = discordance; (3) reprod
or  grains 19–22.207Pb/206Pb age for older inherited? Grains and 206Pb/238U age for grains <620 Ma;
 in bold); (5) reproducibility (2) of U/Pb for Temora 2 = 1.56% (n = 12).
that intrusion of quartz-diorite into the quartzite (JK-04) signif-
icantly post-dated its sedimentation by up to 400 million years.
This implies that the dioritic magma  did not incorporate older zir-
cons from crustal material such as the fuchsitic quartzite or that
the rocks have been tectonically juxtaposed.
5. Geology of the Kilindi-Handeni Superterrane
Among four superterranes which make up the Southern East
African Orogen of Tanzania (Kabete et al., 2012), the Kilindi-
Handeni Superterrane comprises the E-W- to NE-SW-trending,
curvilinear to linearly extensive Songe Terrane (sgt), E-W-trending
Mkurumu-Magamba Terrane (mmt)  and the Ukaguru Terrane (ukt:
Figs. 1–3). To the north and south, the Kilindi-Handeni Superterrane
is bounded by the Mbulu-Masai and Usagara-Ukaguru Supert-
erranes (Fig. 2). The Songe Terrane is underlain by migmatitic
gneisses and granulites with intercalations of NW-SE to E-W
and ENE-WSW-trending greenschist-amphibolite facies siliciclas-
tic metasedimentary rocks and interbands of amphibolite and
pyroxenite. Supracrustal rocks in this terrane deﬁne an arcuate
geometry, drag folded along the NW-SE-trending transcurrent
faults oblique to the craton margin, and bounded by paragneisses
and granulites towards its contact with the Mkurumu-Magamba
Terrane (Fig. 3).
eiss, Mafulungu Metamorphic Belt, Undewa-Ilangali Terrane.
207Pb
235U
±1 206Pb238U ±1
207Pb
206U
Age (Ma)
±1 %Disc.
 16.54 0.23 0.475 0.006 3201 7 28
 19.46 0.26 0.562 0.007 3193 5 11
 18.68 0.26 0.530 0.007 3220 5 17
 20.99 0.28 0.592 0.008 3230 4 8
 13.65 0.20 0.419 0.006 3097 11 37
 14.65 0.20 0.439 0.006 3135 7 34
 17.47 0.26 0.507 0.007 3184 10 20
 16.19 0.24 0.478 0.007 3157 10 25
 13.94 0.27 0.419 0.008 3127 8 38
 18.83 0.39 0.561 0.010 3144 14 10
 18.45 0.35 0.529 0.010 3204 6 17
 15.00 0.29 0.455 0.008 3116 9 29
ucibility (2) of U/Pb for Temora 2 = 2.46% (n = 7) for grains 4–17, and 3.55% (n = 17)
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Table 7
SHRIMP data from zircons extracted from sample JK-05: UWA  05-89A, a fuchsitic quartzite from Mafulungu Metamorphic Belt, Undewa-Ilangali Terrane.
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 207Pb206U
Age (Ma)
±1 %Disc.
1-1 223 57 0.26 0.07 0.3299 0.0018 23.1 0.4 0.508 0.007 3617 8 37
2-1  174 97 0.58 0.02 0.4307 0.0019 46.2 0.7 0.777 0.011 4020 7 8
3-1  260 143 0.57 0.06 0.3327 0.0010 26.1 0.4 0.568 0.008 3630 5 25
4-1 366 292 0.82 0.02 0.3031 0.0017 18.7 0.3 0.448 0.006 3486 9 46
5-1  287 174 0.63 0.02 0.3457 0.0017 35.4 0.5 0.742 0.010 3688 8 3
6-1 295 247 0.86 0.03 0.3112 0.0009 25.9 0.4 0.603 0.009 3527 5 16
7-1@ 242 145 0.62 0.08 0.3260 0.0010 31.5 0.5 0.701 0.010 3598 5 5
2-2  136 94 0.72 0.00 0.4271 0.0016 49.3 0.8 0.837 0.013 4007 6 2
2-3  471 187 0.41 0.07 0.3425 0.0011 16.1 0.2 0.341 0.005 3674 5 94
8-1 453 294 0.67 0.10 0.3159 0.0011 23.3 0.3 0.534 0.007 3550 5 29
9-1@ 181 115 0.66 0.02 0.3288 0.0011 34.7 0.5 0.765 0.011 3611 5 −1
10-1  226 104 0.48 0.02 0.3376 0.0010 34.8 0.5 0.748 0.011 3652 5 1
11-1  189 117 0.64 0.05 0.4288 0.0012 51.8 0.8 0.877 0.013 4013 4 −1
11-2 242 141 0.60 0.05 0.4206 0.0012 42.2 0.6 0.728 0.010 3985 4 13
12-1  299 387 1.34 0.11 0.3441 0.0010 29.3 0.4 0.617 0.008 3681 4 19
13-1  365 183 0.52 0.08 0.3345 0.0009 29.8 0.4 0.646 0.009 3638 4 13
14-1@ 91 6 0.07 0.11 0.3288 0.0017 34.4 0.6 0.758 0.013 3612 8 −1
15-1  84 36 0.45 0.02 0.3714 0.0022 41.8 0.8 0.816 0.014 3797 9 −1
16-1 221 127 0.59 0.02 0.3409 0.0011 31.7 0.5 0.675 0.010 3667 5 10
16-2  200 114 0.59 0.01 0.3401 0.0011 32.7 0.5 0.697 0.010 3663 5 7
17-1  249 93 0.39 0.03 0.3310 0.0019 33.5 0.5 0.734 0.010 3622 9 2
18-1  196 78 0.41 0.03 0.3871 0.0011 43.8 0.6 0.820 0.012 3860 4 0
18-2  184 95 0.53 0.07 0.3866 0.0014 32.4 0.5 0.608 0.009 3858 5 26
19-1  162 123 0.79 0.06 0.3585 0.0013 36.1 0.6 0.730 0.011 3744 5 6
20-1  436 247 0.59 0.00 0.3448 0.0015 24.9 0.4 0.523 0.007 3684 7 36
21-1 483 462 0.99 0.08 0.2842 0.0008 16.9 0.2 0.432 0.006 3386 5 46
22-1  102 47 0.47 0.00 0.3565 0.0016 40.1 0.7 0.816 0.014 3735 7 −3
23-1  272 109 0.41 0.01 0.3561 0.0011 36.8 0.5 0.750 0.010 3733 5 4
24-1  250 279 1.15 0.17 0.3750 0.0012 36.7 0.5 0.709 0.010 3812 5 10
25-1  381 212 0.57 0.01 0.3748 0.0012 34.9 0.5 0.676 0.009 3811 5 14
26-1  169 94 0.57 0.04 0.3501 0.0012 36.8 0.6 0.762 0.011 3708 5 2
27-1  106 60 0.59 0.05 0.3330 0.0015 35.2 0.6 0.767 0.013 3631 7 −1
28-1  38 18 0.48 0.07 0.3411 0.0023 35.1 0.5 0.746 0.010 3668 10 2
29-1  117 56 0.49 0.08 0.3770 0.0040 41.8 0.6 0.805 0.007 3820 1 0
30-1  42 23 0.57 0.08 0.3898 0.0023 42.5 0.6 0.791 0.010 3870 9 3
31-1  197 106 0.56 0.05 0.3310 0.0010 33.8 0.2 0.740 0.005 3622 5 1
32-1  307 317 1.07 0.00 0.3265 0.000 28.3 0.2 0.629 0.003 3601 4 15
33-1 135 33 0.25 0.03 0.2554 0.0030 14.7 0.2 0.418 0.003 3219 19 43
34-1  147 82 0.58 0.00 0.3467 0.0026 34.3 0.3 0.718 0.005 3692 11 6
35-1  241 112 0.48 0.00 0.3385 0.0010 35.6 0.2 0.763 0.004 3656 5 0
36-1  227 194 0.88 0.00 0.3565 0.0009 38.0 0.2 0.772 0.004 3735 4 1
37-1  43 22 0.53 0.51 0.3335 0.0034 25.7 0.5 0.560 0.009 3633 15 27
38-1  256 171 0.69 0.00 0.3428 0.0009 34.1 0.2 0.722 0.004 3675 4 5
39-1  178 105 0.61 0.07 0.3260 0.0014 24.5 0.2 0.545 0.004 3599 7 28
40-1  122 49 0.42 0.00 0.3333 0.0012 33.9 0.3 0.738 0.006 3633 6 2
41-1  102 40 0.41 0.06 0.3346 0.0014 33.7 0.3 0.731 0.006 3638 6 3
42-1  159 76 0.49 0.00 0.3497 0.0011 35.3 0.3 0.732 0.005 3706 5 5
43-1  262 124 0.49 0.01 0.3529 0.0010 39.6 0.3 0.813 0.005 3720 5 −3
44-1  231 148 0.66 0.00 0.3629 0.0011 38.9 0.3 0.777 0.005 3762 4 1
45-1 141 53 0.38 0.05 0.3510 0.0013 35.1 0.3 0.725 0.005 3711 6 6
46-1  270 219 0.84 0.00 0.3319 0.0009 28.7 0.2 0.628 0.003 3626 4 15
47-1  47 27 0.59 0.04 0.3352 0.0020 37.9 0.6 0.820 0.013 3641 9 −6
48-1  233 103 0.46 0.00 0.3503 0.0009 34.8 0.2 0.720 0.004 3708 4 6
49-1  123 72 0.61 0.03 0.3372 0.0012 33.9 0.3 0.728 0.006 3650 6 3
50-1  143 83 0.60 0.00 0.3361 0.0019 33.3 0.3 0.719 0.005 3645 9 4
51-1  250 160 0.66 0.00 0.3339 0.0011 34.0 0.3 0.738 0.005 3635 5 2
52-1  183 130 0.73 0.03 0.3367 0.0011 31.1 0.2 0.669 0.004 3648 5 10
53-1  123 50 0.42 0.00 0.3108 0.0013 25.0 0.2 0.584 0.004 3525 7 19
54-1  181 56 0.32 0.02 0.3419 0.0034 34.0 0.4 0.721 0.005 3671 15 5
55-1  209 206 1.02 0.00 0.3257 0.0010 28.6 0.2 0.636 0.004 3597 5 13
56-1  174 84 0.50 0.01 0.3185 0.0011 27.9 0.2 0.634 0.005 3563 5 12
57-1  88 40 0.47 0.07 0.3547 0.0016 36.2 0.4 0.739 0.007 3727 7 4
58-1  256 212 0.85 0.01 0.3389 0.0011 34.3 0.2 0.734 0.004 3658 5 3
59-1  56 31 0.58 0.04 0.3370 0.0020 33.4 0.4 0.720 0.008 3649 9 4
60-1  128 56 0.45 0.03 0.3527 0.0019 37.6 0.4 0.772 0.006 3719 8 1
61-1  191 87 0.47 0.03 0.3112 0.0021 26.3 0.2 0.612 0.004 3527 10 15
62-1  191 103 0.56 0.00 0.3380 0.0017 34.1 0.3 0.731 0.005 3654 8 3
63-1  294 149 0.52 0.00 0.3349 0.0017 33.1 0.2 0.716 0.004 3640 8 5
64-1  146 179 1.27 0.01 0.3287 0.0015 37.3 0.4 0.823 0.007 3611 7 −7
65-1  292 147 0.52 0.01 0.3284 0.0010 30.0 0.2 0.662 0.004 3609 5 10
66-1  59 31 0.54 0.00 0.3386 0.0019 37.9 0.5 0.812 0.009 3657 8 −5
67-1  81 38 0.49 0.02 0.3479 0.0016 39.5 0.4 0.824 0.008 3698 7 −5
68-1  280 141 0.52 0.01 0.3482 0.0011 39.9 0.3 0.830 0.005 3699 5 −5
69-1@ 92 54 0.61 0.00 0.3270 0.0014 35.7 0.4 0.792 0.007 3603 7 −4
70-1 268 80 0.31 0.00 0.3789 0.0010 46.6 0.3 0.892 0.005 3828 4 −7
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Table  7 (Continued)
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 207Pb206U
Age (Ma)
±1 %Disc.
71-1 261 128 0.51 0.00 0.3336 0.0010 31.9 0.2 0.693 0.004 3634 5 7
72-1 164  214 1.35 0.05 0.3574 0.0011 39.6 0.3 0.804 0.005 3739 5 −2
73-1  112 49 0.45 0.02 0.3409 0.0014 37.0 0.3 0.786 0.006 3667 6 −2
74-1  287 182 0.66 0.00 0.3346 0.0009 35.5 0.2 0.770 0.004 3638 4 −1
75-1  173 240 1.44 0.00 0.3382 0.0011 36.7 0.3 0.787 0.005 3655 5 −2
76-1  165 106 0.66 0.00 0.3520 0.0011 37.4 0.3 0.770 0.005 3716 5 1
77-1 154 71 0.48 0.01 0.3730 0.0014 37.2 0.3 0.723 0.005 3803 6 8
78-1  134 39 0.30 0.00 0.3794 0.0020 42.5 0.4 0.812 0.006 3830 8 0
79-1  218 207 0.98 0.02 0.3445 0.0011 30.4 0.2 0.641 0.004 3683 5 15
80-1  270 276 1.06 0.01 0.3208 0.0009 29.5 0.2 0.667 0.004 3574 4 9
81-1 270 108 0.41 0.01 0.2959 0.0016 26.1 0.2 0.641 0.003 3449 8 8
82-1 303 191 0.65 0.00 0.3398 0.0010 37.8 0.2 0.807 0.005 3662 5 −4
83-1  273 134 0.51 0.02 0.3553 0.0041 35.7 0.5 0.729 0.005 3730 18 6
84-1  55 18 0.33 0.04 0.3832 0.0026 34.0 0.5 0.643 0.009 3844 10 20
85-1  59 40 0.70 0.03 0.3612 0.0019 40.8 0.5 0.819 0.009 3755 8 −3
87-1  115 51 0.46 0.02 0.3324 0.0022 29.8 0.3 0.650 0.006 3628 10 12
88-1  66 30 0.47 0.00 0.3638 0.0019 38.3 0.5 0.763 0.008 3766 8 3
89-1*  294 124 0.44 0.00 0.3149 0.0009 32.2 0.2 0.741 0.004 3545 4 −1
90-1  109 53 0.50 0.02 0.3898 0.015 41.9 0.4 0.779 0.007 3870 6 4
91-1 202 121 0.62 0.00 0.3346 0.0011 36.1 0.3 0.783 0.005 3638 5 −2
92-1  126 53 0.43 0.00 0.3810 0.0013 45.0 0.4 0.856 0.007 3836 5 −4
93-1  57 21 0.39 0.02 0.3803 0.0060 47.4 1.0 0.903 0.013 3833 24 −8
N (3) >5
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The Mkurumu-Libabala and Magambazi-Manga Belts are dis-
ussed brieﬂy below as they contain samples dated in this study.
.1. Mkurumu-Libabala Belt
In the Mkurumu-Libabala Belt, amphibolite and associated
alc-silicate altered maﬁc rocks are bounded by extensive belts
f biotite-kyanite quartzo-feldspathic gneisses to the north and
outh. These lithotectonic units deﬁne ENE-SSW to-E-W-trending
egments of domal-shaped biotite orthogneisses, migmatitic
neisses and enderbitic granitoids with interleaved relatively thin
upracrustal rocks (Figs. 3 and 11). The greenstone segments at
kurumu contain interbands of garnet amphibolite and associated
mphibole and anthophyllite-bearing rocks, and are traversed by
roadly E-W bedding-parallel to anastomosing shear zones, with
ocal evidence for northerly-dipping thrust faults.
The biotite-kyanite gneisses, biotite orthogneisses and amphi-
olites in the Mkurumu-Libabala Belt were intruded by enderbitic
ranitoids during an unspeciﬁed time in the late Neoprotero-
oic. These granitoids include garnet-hornblende-biotite and
yroxene-amphibole granitoids (geochronology sample JK-07),
ith plug-like geometries, and are typiﬁed by ubiquitous xeno-
iths, and some sulﬁdic garnet quartz veins (Fig. 12D and F). Field
elationships, especially the presence of such xenoliths, indicate
hat the precursor granitoid formed via the partial melting of coun-
ry rocks, among which were the silica-ﬂooded garnet amphibolite
ample JK-06 from Magambazi, and pegmatoidal veins that are
ommon in some of the biotite-quartzo-feldspathic orthogneiss
sample JK-08).
.2. Magambazi-Manga Belt
The Magambazi-Manga Belt comprises two domains: (1) the
andeni-Wami Domain of largely maﬁc gneisses and granulites,
northosites and siliciﬁed amphibolites; and (2) the Kwamkono
omain of maﬁc-ultramaﬁc schist and both paragneisses and
rthogneisses granulites (Fig. 3). The Handeni-Wami Domain,
hich is a host to two major gold prospects, Magambazi and
egero, comprises alternate, E-W-trending amphibolite-facies
eta-igneous and meta-sedimentary rocks, including undifferen-
iated biotite-quartzo-feldspathic gneisses tectonically juxtaposed
gainst amphibolites. The latter contains interbands of sulﬁde-
uartz and garnet-rich sulﬁde-quartz veins and amphibolite,
ncluding silica-ﬂooded and gneissic garnet amphibolite (Fig. 12A
nd B). In contrast to the Mkurumu-Libabala Belt, the maﬁc
neisses and quartzo-feldspathic biotite and kyanite gneisses in
he Handeni-Wami Domain contain zones with a high density
egmatite and aplite dykes in biotite-quartzo-feldspathic gneiss,
nd pegmatite veins and silica-ﬂooded garnet amphibolite (e.g.
ample JK-06) in maﬁc gneisses. There are also very wide zones
f silica-ﬂooded garnet amphibolite, graphitic pegmatites and a
igh density of pegmatite and aplite dykes in undifferentiated
iotite gneisses in the Handeni-Wami Domain. These features
re interpreted to be a consequence of strong thermal overprints
nd associated orogenic gold mineralization (Kabete et al., 2012,
ig. 11).
.3. Description of dated rocks from the Mkurumu-Magamba
errane
.3.1. Granulitic maﬁc-amphibolite (JK-06: zircon mount UWA
6-19A)A granulitic maﬁc-amphibolite constitutes silica-ﬂooded sul-
dic garnet-amphibolite (sample JK-06) from the Magamba-Manga
elt comprises medium-grained garnet in amphibole-rich patches,
nd interstitial and fracture-ﬁlling sulﬁdes, mainly pyrrhotite. Inh 216– 219 (2012) 232– 266
places, the rock preserves original segregations of vein quartz
and/or quartz-feldspar leucosome veins, some ptygmatically folded
within amphibolites, maﬁc gneisses and biotite-kyanite quartzo-
feldspathic gneisses. Abundant sulﬁdes are common in silicate-rich
melanosomes, at the contacts between quartz veins and quartz-
feldspar leucosomes, and in fractured garnet-quartz leucosomes.
Petrographic examination reveals mutual sulﬁde-silicate inter-
growth (e.g. Fig. 12B), with garnet containing fracture-ﬁlling pyrite
and, in places pyrite rims, although pyrite and pyrrhotite mostly
occur either as fracture ﬁllings, or as droplet-shaped grains along
recrystallized silicate grain boundaries. Fig. 12B demonstrates the
co-existence of pyrite-pyrrhotite and garnet within granoblastic
quartz and feldspar (Fig. 12A). A biotite-quartzo-feldspathic gneiss,
which forms major lithotectonic units bounding the amphibolite-
at Magambazi, demonstrates overprinting of the gneissic banding
(patch X in Fig. 12C) by a late relatively higher-grade metamorphic
event or hydrothermal system (patch Y in Fig. 12C).
Examination of BSE and CL SEM images of zircons from sample
JK-06 reveal elongate prismatic igneous zircons, with relic core-
rim relationships and oscillatory internal growth zoning (Fig. 13A).
Some moderately modiﬁed grains, including features such as
resorbed edges, lack of oscillatory growth zoning, and the pres-
ence of secondary internal features, including pseudo-cores, are
also present. Homogeneous featureless zircon grains such as grain
8-1 (Fig. 13B) are also common. There are also zircons with unusual
overgrowths and stubby prismatic to ovoid grains with euhedral
oscillatory growth zoning, some of which are metamict. These mor-
phological variations are probably due to partial recrystallization or
annealing of the primary igneous zircons during relatively younger
metamorphic events which affected the protolith (Fig. 12A and D).
The main aim of the zircon geochronology is to date these events.
5.3.2. Enderbite (JK-07: zircon mount UWA  05-89B)
Sample JK-07, a weakly gneissic, garnet amphibole-pyroxene
bearing quartz-diorite or enderbite, is among the late to post-
tectonic intrusive rocks in the Mkurumu-Magamba Terrane. This
enderbite is composed of a high proportion of garnet amongst
other silicates, with abundant xenoliths of garnet amphibolite
and quartz-silicate veins (Fig. 12D and E). The xenoliths in the
enderbite contain sulﬁdes in garnet-silicate-quartz interbands that
preserve early structural fabrics similar to the quartz-silicate gold-
bearing veins in the Mkurumu and Magambazi prospects (compare
Fig. 12F and H). The intrusive character of the enderbite (sample
JK-07) is further supported by the presence of xenoliths of other
country rocks, including kyanite-biotite quartzo-feldspathic parag-
neisses (JK-08) and sulﬁdic garnet amphibolite (JK-06: Fig. 12D).
At outcrop-scale, the enderbite is overprinted by a weak meta-
morphic fabric or incipient gneissic banding (Fig. 12D). Detailed
petrographic observations show an abundance of pyroxene, horn-
blende, and biotite with both igneous and metamorphic features,
thus presenting ambiguities on the nature of the protolith to the
garnet-amphibole-pyroxene granitoid (Fig. 12E). Garnet is clearly
metamorphic with inclusions of amphiboles, quartz and plagioclase
in places (Fig. 12E). Although the rock is similar to a quartz dior-
ite in composition, the protolith to the garnet-amphibole-pyroxene
granitoid may  be a magma  that crystallized at deeper crustal levels
or the residue of partially melted country rocks that was  preserved
and recrystallized at similar deep levels.
The protolith and nature of zircons extracted from sample JK-07
are characterized on the basis of BSE and CL SEM images and their
age and trace element analyses, including Th/U ratios. SEM images
of zircons from sample JK-07 reveal external and internal morpho-
logic features unusual for igneous and metamorphic zircons: (1)
stubby near-prismatic grains with distinctive and unusual internal
growth zoning (Fig. 13C); (2) sub-rounded to oval grains with faint
to near-featureless internal growth zoning (Fig. 13D); and (3) grains
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ith variable external morphologies, mainly sub-angular, porous,
nd luminescent grains with inclusions. The internal morphologic
omplications in these grains are consistent with the ambiguities
n ﬁeld and petrographic features.
.3.3. Biotite quartzo-feldspathic gneiss (JK-08: zircon mount
WA  05-89C)
Sample JK-08, a biotite quartzo-feldspathic gneiss, is a major
omponent of the overall E-W-trending undifferentiated gneisses
hich bound the amphibolite and associated alteration and
old mineralized zones in the Mkurumu-Magamba Terrane
Fig. 11).  The biotite quartzo-feldspathic gneiss in the terrane
reserves a strong shear foliation, in places transposed into
lternating biotite gneisses and shear-foliated leucosome veins.
iotite quartzo-feldspathic gneiss at Mkurumu (Fig. 12C; sam-
le JK-08) is one of a group of major competent rocks which
ound a collage of sigmoidal-shaped, less-competent amphibo-
ites and their alteration equivalents, some of which are the
ain gold-hosting lithologies in the Mkurumu Libabala Belt
Kabete et al., 2012). The kinematic indicators in biotite and
yanite quartzo-feldspathic gneisses at Mkurumu suggest broad
amp-ﬂat thrust-fault geometry with a component of strike-slip
edding-parallel shear movement along an E-W to ENE-WSW
rend (Fig. 11).
On the basis of examination of the SEM images, especially
SE and CL images, three groups of zircons emerge from sample
K-08: (1) typical elongate prismatic zircon with clear, internal,
scillatory growth-zoned cores typical of igneous zircons, and
eatureless metamorphic overgrowths (Fig. 13E); (2) grains with
aint internal growth-zoning, some metamict with portions pre-
erving clear overgrowths (Fig. 3F); and (3) grains with euhedraleni Superterrane, Southern East African Orogen of Tanzania.
internal growth-zoning disrupted or interrupted by cracks, inclu-
sions and fractures in the core, but with clear inclusion-free rim
overgrowths.
5.4. Results and interpretations from the Mkurumu-Magamba
Terrane
5.4.1. Granulitic maﬁc-amphibolite (JK-06: zircon mount UWA
06-19A)
Sample JK-06 yielded few zircons, and some are cloudy indicat-
ing high U content and probably a high concentration of common
204Pb due to metamictization (Table 8). Some analyzed areas have
cracks and inclusions (grain-spot 4-2), whereas others show sig-
niﬁcant Pb-loss and discordance (Table 8; Fig. 14A). These analyses
are not included in the calculation of the ages presented herein.
Further examination by SEM of the remaining zircons did
not reveal obvious inheritance features. Textural features cannot
distinguish modiﬁed igneous zircons from the protolith to the
silica-ﬂooded garnet amphibolite. The remaining zircons produce
a spread in 206Pb/238U ages between ∼595 and 555 Ma. Omitting
the two youngest analyses, the 206Pb/238U age of 586 ± 5 Ma
(n = 5; MSWD  = 0.79; Fig. 14A) is calculated for the remaining
group. The two  zircons omitted (grains 2-1 and 6-1: Table 8) are
younger, at ∼560 Ma,  and contain relatively high U (>400 ppm),
implying the possibility of some Pb-loss from metamict
patches.In summary, U–Th–Pb isotopic ratios from zircons extracted
from sample JK-06 suggest that 586 ± 5 Ma  is the age of either par-
tial melting or high-temperature low-pressure metamorphism of
the precursor Archean-Paleoproterozoic rock.
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Fig. 12. Photographs and photomicrographs from the Mkurumu-Magamba Terrane. (A) Siliciﬁed and gold-hosting maﬁc-granitoid illustrating remobilization of silica and
ubiquitous garnet overprints and (B) photomicrograph showing peak to post-peak metamorphic remobilization of the gold-hosting sulﬁdes in intergranular spaces of silicates
and  plagioclase; (C) biotite-quartzo-feldspathic gneissic banding tectono-thermally overprinted by granulite-facies metamorphism at Magambazi; (D) a late-kinematic,
gneissic-garnet-maﬁc granitoid with partially assimilated xenoliths including quartz-silicate veins (F); (E) a photomicrograph illustrating biotite retrogression from amphibole
i wing a
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(n  D; (G) a biotite-quartzo-feldspathic gneiss (JK-08) and (H) half core samples sho
uartz  interlaminations and metasomatic garnet overprints, Mkurumu prospect..4.2. Enderbite (JK-07: zircon mount UWA  05-89B)
The zircon data (Table 9) are plotted on a U–Pb concordia dia-
ram (Fig. 14B). All zircons from sample JK-07 have low Th/U ratios
0.04–0.13) typical of the range of metamorphic zircons. An age of biotite-quartzo-feldspathic gneiss with zones of strong shear foliations with vein586 ± 16 Ma  is calculated from the most concordant zircon anal-
yses (n = 7; Table 9). This age is, however, not a robust age, as the
data are too scattered (MSWD  = 6.6) to represent a single event.
Statistically, the 586 ± 16 Ma  age distribution is bimodal, with
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azi  Belt; garnet-amphibole granitoid (enderbitic gneiss; JK-07: C and D) and a bioti
andeni Superterrane. Images E and H represent zircons from sample JK-10, a late-
ne population deﬁning a 206Pb/238U age of 603 ± 8 Ma  (2, n = 3;
SWD  = 0.01) and another population of a younger 206Pb/238U age
roup of 573 ± 16 (n = 4; MSWD  = 2.3). The latter group is signiﬁ-
antly scattered and may  reﬂect two events, possibly at 582 ± 9 Ma
nd 565 ± 9 Ma  (Fig. 14B).from altered and mineralized maﬁc-amphibolite (JK-06: A and B) from the Magam-
artz-feldspar gneiss (JK-08: E and F) from the Mkurumu-Libabala Belt, in the Kilindi
atic felsic granitoid in the Singida-Mayamaya Terrane.
The youngest event, at ∼570 Ma (573–565 Ma), is considered to
be the best estimate of the exhumation of the enderbite (Table 13).
As there is no distinctive difference between the Th/U of all zir-
cons, all grains are considered to derive their Th and U during high
grade metamorphism, from anatexis and/or metamorphism. The
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Table 8
SHRIMP data from zircons extracted from sample JK-06: UWA  06-19A, a gold-mineralized sulﬁdic-garnet-maﬁc gneissic granulite from Mkurumu-Magamba Terrane.
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 207Pb206U
Age (Ma)
±1 %Disc.
1-1 181 32 0.18 −0.21 0.0614 0.0011 0.816 0.018 0.0964 0.0013 593 8 10
1-2  204 39 0.20 −0.07 0.0617 0.0008 0.802 0.015 0.0942 0.0013 581 8 15
2-1*  410 59 0.15 0.05 0.0597 0.0008 0.740 0.014 0.0899 0.0012 555 7 6
4-1 113 28 0.26 1.01 0.0542 0.0030 0.716 0.041 0.0958 0.0010 590 6 −35
4-2  71 17 0.25 3.58 0.0580 0.0094 0.763 0.124 0.0954 0.0016 588 10 −10
5-1  300 66 0.23 0.09 0.0598 0.0009 0.790 0.014 0.0959 0.0008 590 5 1
6-1*  509 132 0.27 0.05 0.0582 0.0008 0.734 0.011 0.0915 0.0007 564 4 −5
7-1  431 67 0.16 0.18 0.0578 0.0009 0.753 0.013 0.0945 0.0007 582 4 −10
7-2  197 41 0.22 −0.05 0.0607 0.0009 0.797 0.014 0.0953 0.0009 587 5 7
8-1 45 8 0.19 0.70 0.0545 0.0034 0.739 0.048 0.0984 0.0015 605 9 −35
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n  bold); (4) *interpreted young statistical outlier: see text; (5) reproducibility (2)
03 ± 8 Ma  age is interpreted as a minimum xenocryst age for the
mphibolite-granulite facies metamorphism and deformation of
he country rocks (cf. samples JK-06 and JK-08: Fig. 14A, C and D),
hich were incorporated in the magma  and crystallized to form
arnet-amphibole-pyroxene granitoid prior to regional amphibo-
ite facies metamorphism and uplift by ∼565 Ma.
In summary, the varied morphological features among zircons
rom sample JK-07 (e.g. Fig. 13C and D) are consistent with the
pread of the near concordant ages, which can be tentatively inter-
reted as complex mixtures of zircon growth or modiﬁcation from:
1) the ≥603 ± 8 Ma  xenocrystic age from incorporation of older
ocks represented by abundant xenoliths of maﬁc gneisses and lam-
nated quartz-silicate veins (Fig. 12D and F); and (2) the ∼565 Ma
ircon resetting age of regional amphibolite facies metamorphism
nd exhumation after tectonic transport and collision.
.4.3. Biotite quartz-feldspathic gneiss (JK-08: zircon mount UWA
5-89C)
U–Pb SHRIMP analyses for zircons from sample JK-08 (Table 10),
lotted on the U–Pb concordia diagram (Fig. 14C), indicate two dis-
inct groups based on age and Th/U ratio. Grains with ages >900 Ma
ave Th/U >0.01, and are mostly discordant, whereas grains with
ges <620 Ma  have Th/U ≤0.01 and are mostly concordant to near
oncordant.Although data for zircon cores are largely discordant, most zir-
ons with relic to clear oscillatory growth zoning give 207Pb/206Pb
ges up to 2670 ± 18 Ma,  which is the only near-concordant age
rom the population. This age is supported by a slightly more
able 9
HRIMP data from zircons extracted from sample JK-07: UWA  05-89B, enderbite from M
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1
1-1 337 30 0.09 0.45 0.0609 0.0013
3-1  131 9 0.07 1.46 0.0543 0.0039
4-1  356 27 0.08 1.58 0.0600 0.0024
4-2  395 42 0.11 0.50 0.0588 0.0012
5-1  307 38 0.13 0.26 0.0612 0.0012
6-1 293  23 0.08 0.19 0.0608 0.0010
6-2  265 21 0.08 0.09 0.0607 0.0009
7-1  533 35 0.07 0.18 0.0597 0.0006
8-1  432 15 0.04 0.22 0.0601 0.0008
9-1  450 23 0.05 0.47 0.0583 0.0010
10-1  288 18 0.07 0.41 0.0573 0.0013
11-1  600 59 0.10 0.22 0.0594 0.0007
12-1  380 37 0.10 0.57 0.0591 0.0011
13-1  284 34 0.12 0.63 0.0585 0.0014
13-2  390 33 0.09 0.06 0.0606 0.0008
14-1  310 21 0.07 0.32 0.0583 0.0012
15-1  450 26 0.06 0.21 0.0586 0.0008
otes: (1) f206 (%) is % of 206Pb attributed to common Pb; (2) Disc. = discordance; (3) hig
highlighted in bold); (4) reproducibility (2) of U/Pb for Temora 2 = 2.30% (n = 11). common Pb and/or >15% discordant: not included in age calculation (highlighted
b for BR266 = 2.39% (n = 11) for grains 1–2, and 1.32% (n = 9) for grains 4–8.
discordant analysis from the same grain, which is within analytical
error of 2670 Ma.  Thus, 2670 ± 18 Ma  is interpreted as the mini-
mum  age of the magmatic event that produced at least one of the
inherited zircons (Fig. 13F). The next most discordant grain from the
population is also Archean, with a slightly younger 207Pb/206Pb age,
and conﬁrms an Archean component in sample JK-08. The remain-
ing low-Th/U analyses produce ages younger than ∼620 Ma. All are
from zircons characterized by very low Th concentrations and low
Th/U ratios, typical of young metamorphic zircons and overgrowths
(Table 10;  Figs. 13E, F and 14D). These are interpreted to reﬂect
the age of an anatectic event or high-temperature low-pressure
peak of metamorphism of the precursor biotite quartzo-feldspathic
gneisses in the Mkurumu-Libabala Belt.
The spread in concordant to near-concordant ages below 620 Ma
is too scattered for a single-aged population (MSWD  = 3.1, n = 11),
reﬂecting complexity in the data (Table 10)  and probably repre-
senting multiple events. The youngest two analyses give an age of
575 ± 10 Ma,  and if these are taken to reﬂect the youngest event
(i.e. uplift after the peak of metamorphism), the other remaining
nine analyses must represent either earlier events or incomplete
resetting of older grains by the metamorphism (Fig. 14D). The
range of ages from 615 to 585 Ma  is not a single population, and
does not distinguish between these two  alternatives. An alterna-
tive interpretation is that the peak of metamorphism is represented
within the 615–585 Ma  group, and that the 575 Ma  zircons reﬂect
Pb-loss during a later disturbance, which could be exhumation
following collision between West and East Gondwana. There are
insufﬁcient conclusive data to resolve these options. However, the
kurumu-Magamba Terrane.
207Pb
235U
±1 206Pb238U ±1
207Pb
206U
Age (Ma)
±1 %Disc.
 0.82 0.02 0.0982 0.0012 603.6 7.1 5
 0.72 0.05 0.0962 0.0014 592.4 8.0 −35
 0.81 0.03 0.0980 0.0012 602.8 7.2 0
 0.83 0.02 0.1019 0.0012 625.6 7.3 −10
 0.82 0.02 0.0970 0.0012 597.1 7.0 8
 0.78 0.02 0.0929 0.0011 572.6 6.8 11
 0.77 0.01 0.0923 0.0011 569.3 6.8 11
 0.81 0.01 0.0982 0.0012 603.8 6.9 −2
 0.78 0.01 0.0946 0.0011 582.8 6.7 4
 0.77 0.02 0.0959 0.0012 590.3 6.8 −9
 0.73 0.02 0.0924 0.0011 569.6 6.8 −12
 0.80 0.01 0.0980 0.0012 602.5 6.8 −4
 0.77 0.02 0.0945 0.0011 582.1 6.8 −2
 0.80 0.02 0.0993 0.0012 610.5 7.2 −10
 0.80 0.01 0.0960 0.0012 590.8 6.8 6
 0.74 0.02 0.0917 0.0011 565.4 6.7 −4
 0.74 0.01 0.0915 0.0011 564.7 6.5 −2
h common Pb (>1%) and/or >5% discordant data not considered in age calculations
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ayamaya Terrane in the south-eastern part of the Lake Nyanza Superterrane (E).
oungest group in samples JK-07 and JK-08 is ∼570 Ma, with a scat-
er of ages from ∼570 to ∼615–610 Ma  (Fig. 14A–D), implies that
heir age structures are related to an orogenic-scale tectonic event
ithin the East African Orogen. In summary, the U–Th–Pb isotopicatios for zircons extracted from sample JK-08 suggest that: (1) the
inimum age of 2670 ± 18 Ma  deﬁnes the magmatic event that
roduced one inherited zircon population from the protolith; and
2) the peak of amphibolite-granulite facies metamorphism of the rocks dated from the Mkurumu-Magamba Terrane (A–D) and from the Singida-
biotite quartzo-feldspathic gneisses occurred between ∼615 and
570 Ma.
5.5. Evolution of the Mkurumu-Magamba TerraneThe U–Pb zircon SHRIMP geochronology age of 2670 ± 8 Ma
for the biotite-quartzo-feldspathic gneiss (sample JK-08) from the
Mkurumu-Magamba Terrane conﬁrms the hypothesis that the
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Table 10
SHRIMP data from zircons extracted from sample JK-08: UWA  05-89C, a biotite quartzo-feldspathic gneiss from Mkurumu-Magamba Terrane.
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 207Pb206U
Age (Ma)
±1 %Disc.
Inherited?
1-2 732 139 0.20 0.14 0.1122 0.0009 2.334 0.035 0.1508 0.0019 1836 14 103
2-1 209 62 0.31 0.16 0.1524 0.0031 5.244 0.129 0.2496 0.0035 2373 34 65
2-2 178 130 0.75 0.07 0.1775 0.0008 10.382 0.137 0.4241 0.0053 2630 7 15
2-3 362  7 0.02 0.14 0.0705 0.0016 0.977 0.025 0.1005 0.0012 943 46 53
3-1  207 136 0.68 0.09 0.1819 0.0020 12.009 0.196 0.4788 0.0059 2670 18 6
3-2  174 139 0.82 0.07 0.1798 0.0008 10.579 0.142 0.4267 0.0054 2651 7 16
6-1  299 32 0.11 0.15 0.0978 0.0015 1.861 0.080 0.1380 0.0056 1582 29 90
8-1  255 7 0.03 0.08 0.0737 0.0008 1.020 0.017 0.1004 0.0012 1032 23 67
9-1 169 48 0.30 0.05 0.1619 0.0014 6.120 0.093 0.2741 0.0034 2476 15 59
13-1 280 165 0.61 0.09 0.1523 0.0008 5.015 0.072 0.2388 0.0032 2372 9 72
14-1 442 5 0.01 0.08 0.1277 0.0007 2.913 0.040 0.1654 0.0021 2067 9 110
20-1  259 62 0.25 0.09 0.1555 0.0009 5.127 0.071 0.2392 0.0030 2407 10 74
<620  Ma
1-1 255 1 0.00 0.31 0.0580 0.0011 0.800 0.018 0.1000 0.0012 614.5 7.3 −13
4-1  237 1 0.00 0.31 0.0595 0.0013 0.796 0.020 0.0971 0.0013 597.1 7.5 −2
5-1  285 1 0.00 0.26 0.0598 0.0010 0.793 0.016 0.0961 0.0012 591.8 6.9 1
5-2  616 2 0.00 0.07 0.0599 0.0006 0.802 0.012 0.0971 0.0012 597.5 6.8 0
6-2 340 5 0.01 0.34 0.0587 0.0012 0.755 0.018 0.0933 0.0012 574.8 6.8 −3
7-1  329 1 0.00 0.26 0.0574 0.0013 0.787 0.020 0.0994 0.0012 610.8 7.2 −17
10-1  510 2 0.00 0.03 0.0599 0.0005 0.818 0.012 0.0990 0.0012 608.4 6.9 −1
11-1  303 1 0.00 0.14 0.0600 0.0011 0.787 0.018 0.0951 0.0012 585.5 6.9 3
12-1  316 3 0.01 0.44 0.0583 0.0011 0.749 0.017 0.0932 0.0011 574.3 6.7 −6
13-2  473 3 0.01 0.03 0.0600 0.0005 0.794 0.012 0.0959 0.0011 590.5 6.8 2
15-1  358 1 0.00 0.00 0.0618 0.0006 0.838 0.013 0.0983 0.0012 604.5 7.0 11
16-1 384 1 0.00 0.21 0.0593 0.0008 0.815 0.015 0.0997 0.0012 612.8 7.1 −6
17-1  305 2 0.01 0.23 0.0618 0.0010 0.836 0.017 0.0981 0.0012 603.3 7.0 11
18-1 420 2 0.00 0.20 0.0598 0.0007 0.788 0.014 0.0955 0.0012 588.3 6.8 1
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otes: (1) f206 (%) is % of 206Pb attributed to common Pb; (2) Disc. = discordance; (3)
iscordant: not included in age discussion (highlighted in bold); (5) reproducibility
-W-trending Kilindi-Handeni Superterrane was  part of the
rchean Lake Nyanza Superterrane prior to the ∼620–570 Ma
an-African tectonothermal reworking events (Kabete et al., 2012;
ig. 14C, Table 13). It is speculated that the discordance pattern
reserved by zircons from sample JK-08 is consistent with a single
pisode of Pb-loss attributed to a ∼615–610 Ma  partial melting of
he precursor maﬁc granitoids (Fig. 14C). The discordance trend is
typical of multiple source regions, suggesting that older Archean
ocks (i.e. 2630–2670 Ma)  in the crust underlying the Mkurumu-
ibabala Belt were involved during the ∼615–600 Ma  deformation,
etamorphism and partial-melting prior to their exhumation
nd emplacement into mesozonal to epizonal crustal levels at
600–560 Ma  following collisional tectonics. These metamorphic
ocks were later tectonically reactivated, as is demonstrated by
verprints of ductile shear fabric by brittle structures (Fig. 12G and
).
The spread of ∼620–560 Ma  ages in the Mkurumu-Magambazi
errane does not conclusively identify speciﬁc age events within
his 60 m.y. time period. It is suggested that there is ∼620–613
a amphibolite-granulite-facies metamorphism, a ∼600–582 Ma
eriod of anatectic magmatism with incomplete resetting of inher-
ted zircons, and a ∼574–560 Ma  period of magmatic emplacement
nd crystallization and associated contact metamorphism. How-
ver, it follows that there was a relatively short time window
f metamorphism, deformation and exhumation of proto-crust to
ifferent crustal levels, such that tectonic reactivation and rework-
ng of this proto-crust, as well as the intrusion of garnet-bearing
ranitoids along zones of tectonic collapse, were among the most
igniﬁcant events in the late tectonic history of the Kilindi-Handeni
uperterrane (Figs. 12C, D and G).. Geology of Singida-Mayamaya Terrane
The Singida-Mayamaya Terrane is situated at the south-eastern
nd of the Lake Nyanza Superterrane. This terrane probably was0.823 0.019 0.0980 0.0012 602.8 7.2 6
s 207Pb/206Pb age for inherited grains and 206Pb/238U age for younger grains; (4) >6%
of U/Pb for Temora 2 = 2.30% (n = 11).
once part of the Nzega-Sekenke Terrane (Figs. 1 and 3). Its present
setting is based on distinctive lithotectonic features, which are
possibly inﬂuenced by tectonothermal overprints resulting from
Late Precambrian tectonothermal events. The majority of the
metamorphic belts and granitoids in this terrane are strongly
deformed and metamorphosed at amphibolite and locally gran-
ulite facies. At least four granitoid–greenstone belts are interpreted
from the Singida-Mayamaya Terrane (Kabete, 2008). Among those
belts, the Kwa-Mtoro-Sanzawa Greenstone Belt is underlain by
scattered outcrops of pre-greenstone hornblende-biotite quartzo-
feldspathic gneiss, trondhjemite gneiss and granodiorite and
gneissic, biotite-hornblende granitoid, the Kwa Mtoro Granitoid
Domain and the NW-SE-trending granitoid–greenstone domain,
and the Sanzawa Schist Domain (Fig. 15A).
In the Kwa  Mtoro Granitoid Domain, supracrustal rocks are
insigniﬁcant, and, where exposed, occur as rafts or inliers with
strongly mylonitic zones forming hybrid rock through interac-
tion with syn-deformational granitoid intrusions. In contrast,
the Sanzawa Schist Domain is largely covered by Neogene
volcanic and superﬁcial deposits with sporadic outcrops of
strongly deformed greenstone rocks, including those exposed
by small-scale mining activities. Greenstones include strongly
mylonitic amphibolite, metagabbro and metadolerite (e.g. Fig. 15).
There are also relatively weakly deformed, dark-green basaltic
andesite and porphyritic intermediate volcanic rocks exposed
by small-scale miners in areas covered by residual red soil and
thin black cotton soils (mbuga). Fozzard (1959), among other
workers, has mapped these supracrustal rocks as metamor-
phosed ultrabasic and basic cataclasites and banded hornblende
schist.
The major aim of dating samples from this terrane is to compare
the temporal framework of the Singida-Mayamaya Terrane with
relatively well researched and explored terranes from the western
part of the Lake Nyanza Superterrane (i.e. Sukumaland, Kahama-
Mwadui and Nzega-Sekenke Terranes).
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B)  photographs of a dolerite schist (JK-09); and (C) a biotite-hornblende granitoid 
.1. Description of dated rocks from Singida-Mayamaya Terrane
.1.1. Amphibolite schist (JK-09: zircon mount UWA  06-07B)
A deformed intermediate to maﬁc amphibolite schist (sam-
le JK-09) is part of the strongly sheared and altered dolerite
ock exposed at Londoni by small-scale mining in the Kwa-
toro-Sanzawa Greenstone Belt in the Singida-Mayamaya Terrane
Figs. 3 and 15A). The amphibolite schist forms part of the
upracrustal metamorphic rocks exposed and/or cropping out as
afts or inliers in syn-deformational felsic granitoid intrusions in
he Kwa-Mtoro-Sanzawa Greenstone Belt. The amphibolite schist is
trongly siliciﬁed and altered (Fig. 15B), in part with impregnations
f gold-rich quartz veins and stockwork quartz. Microscopic exam-
nation of sample JK-09 reveals a high density of micro-shear zones,
isplaying an early spaced cleavage pattern overprinted by irreg-
lar set of fractures in-ﬁlled by pyrite and carbonate. Distal facies
lteration, including pervasive carbonate, chlorite and actinolite,
ccurs intermittently between restricted zones of strong sericite
lteration.
Although the protolith to the amphibolite schist with >10%
eldspar is interpreted to be either a dolerite sill or andesite (Fig. 15),
nd may  be expected to contain some zircons, only four zircon
rains were recovered from sample JK-09 (Table 11)..1.2. Biotite-hornblende granitoid (JK-10: zircon mount UWA
6-07C)
Sample JK-10 is a weakly gneissic, biotite-hornblende gran-
toid, forming part of the alternating belts of NW-SE-trending (modiﬁed from Fozzard, 1959) showing (A) location of the geochronology samples;
).
syn-kinematic granitoids which intruded the southern Lake Nyanza
Superterrane and almost the entire Moyowosi-Manyoni Superter-
rane, forming the major tectonic contact between the Lake Victoria
and Central Tanzania Regions (Figs. 1 and 2). These granitoids are
coincident with and parallel to sub-parallel to through-going shear
zones and NW-SE-trending dolerite sills (geochronology sample
JK-09) in basaltic andesite and undifferentiated metavolcanic-
metasedimentary rocks in the Singida-Mayamaya Terrane.
In sample JK-10, two groups of zircon morphologies are deﬁned
based on the examination of BSE and CL SEM images. There are
elongate grains with oscillatory internal growth zoning typical of
igneous zircons, but with cracks, fractures or inclusions. Others are
stubby prismatic grains with typical internal zoning for igneous
zircons (Fig. 13G). There are also elongate igneous zircons with
discontinuous internal growth zoning (Fig. 13H).
6.2. Results and interpretations from the Singida-Mayamaya
Terrane
6.2.1. Amphibolite schist (JK-09: zircon mount UWA  06-07B)
Only three out of the four zircons recovered from this strongly
altered maﬁc granitoid schist (sample JK-09) were suitable for U–Pb
SHRIMP zircon analyses (Table 11). These zircons are igneous in
appearance and have rims, possibly metamorphic and/or metaso-
matic overgrowths. Multiple analytical spots applied on two out
of these three zircons produced consistently discordant ages of
between ∼2500 Ma  and ∼2340 Ma,  and the most concordant age
of 2547 ± 5 Ma  (Table 11).
260 J.M. Kabete et al. / Precambrian Research 216– 219 (2012) 232– 266
Table 11
SHRIMP data from zircons extracted from sample JK-09 (UWA: 06-07B), a maﬁc-amphibolite schist, Singida-Mayamaya Terrane.
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 207Pb206U
Age (Ma)
±1 %Disc.
1-1 157 28 0.18 0.15 0.1343 0.0013 3.203 0.047 0.1730 0.0019 2155 16 109
3-1  248 91 0.38 0.03 0.1500 0.0009 4.831 0.055 0.2337 0.0023 2345 10 73
1-2 493 360 0.75 0.02 0.1690 0.0006 7.803 0.073 0.3349 0.0030 2547 5 37
1-3 238 71 0.31 0.09 0.1567 0.0009 5.458 0.063 0.2526 0.0025 2420 10 67
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t2-1 422 120 0.29 0.00 0.0500 0.0
2-2  410 63 0.16 1.07 0.0421 0.0
3-2  433 2 0.00 0.04 0.0603 0.0
It is concluded that this rock is either Archean or Paleoprotero-
oic in age although no precise absolute age can be interpreted from
his sample.
.2.2. K-feldspar granitoid (JK-10: zircon mount UWA  06-07C)
About half of the SHRIMP II analyses presented in Table 12
nd plotted on the U–Pb concordia diagram in Fig. 14E  are >5%
iscordant, as generally indicated by a relatively high U content
>300 ppm U), with one grain also having an anomalously high per-
entage of common 204Pb. The grains have Th/U ratios of 0.42–1.50,
onﬁrming their igneous origin, with a population of seven concor-
ant (<5% discordant) grains deﬁning a 207Pb/206Pb age of 2681 ± 5
a (MSWD  = 0.71), interpreted to represent the age of the crystal-
ization of the biotite-hornblende granitoid in the NW-SE-trending
xtensional zones (Figs. 1 and 2). The discordance pattern in Fig. 14E
s consistent with mainly recent Pb-loss, and some diffusional Pb-
oss from the areas with the highest U-content (i.e. >450 ppm U).
here are no older cores in this zircon population.
.3. Evolution of the Singida-Mayamaya Terrane
The biotite-hornblende granitoid (sample JK-10) was  emplaced
t 2681 ± 5 Ma  along NW-SE-trending, through-going shear zones
nd associated splays in the Singida-Mayamaya Terrane. This gran-
toid forms part of a swarm of similar granitoids in the north-west
o south-west parts of the Sukumaland and Nzega-Sekenke Ter-
anes of the Lake Nyanza Superterrane in the Lake Victoria Region.
hey extend further south-east, where they intruded the entire
oyowosi-Manyoni Superterrane and part of the Dodoman Base-
ent Superterrane in the Central Tanzania Region (Fig. 1). An
ttempt to date the emplacement ages for the precursor amphi-
olites and possible deformational-metamorphic overprints in the
ingida-Mayamaya Terrane was unsuccessful. However, the intru-
ion of a biotite-hornblende granitoid in the Kwa-Mtoro-Sanzawa
elt implies that 2681 ± 5 Ma  is not only a minimum age for the
reenstones in the Singida-Mayamaya Terrane, but also a maxi-
um  age for a period of NW-to-SE directed maximum shortening,
hich reactivated the major superterrane boundaries in the Craton.
. Discussion
Two signiﬁcant contributions to the understanding of craton-
ide tectonic events are demonstrated by the new geochronolog-
cal data presented in this paper: (1) the presence of relatively
uvenile, ∼2850–2660 Ma  granitoid–greenstone belts (Mazoka
reenstone Belt) conﬁned by ∼>3230 Ma  gneissic-migmatite and
ranitoid basement rocks (Mafulungu Metamorphic Belt); and (2)
he south-easterly extension of the ∼2830–2660 Ma  Lake Nyanza
uperterrane of the Archean Tanzania Craton into the ∼2670 Ma
ilindi-Handeni Superterrane of the East African Orogen. In con-
unction with previous data from the Lake Victoria Region, the new
ata are interpreted to suggest: (1) a ∼2823 Ma eruption age for
he basal maﬁc volcanic ﬂows in the Sukumaland Terrane; (2) a0.077 0.002 0.0111 0.0002 71.4 1.0 175
0.064 0.007 0.0111 0.0002 71.1 1.0 −410
0.820 0.011 0.0987 0.0009 606.7 5.5 1
2842 ± 7 Ma  emplacement age for the deformed tonalitic grani-
toid in the Mara-Mobrama Terrane; (3) a ∼2760–2690 Ma  period
of diorite-granodiorite magmatism, quartz-feldspar and feldspar
porphyry intrusion, which deﬁnes a hiatus in greenstone deposi-
tion; (4) a ∼2690–2660 Ma  period of syn-tectonic emplacement of
granitoids; and (5) a ∼2660–2640 Ma  critical period of late to post-
kinematic intrusion of granitoids in the gold-endowed Sukumaland
Terrane.
7.1. Undewa-Ilangali Terrane, Central Tanzania Region
In the Central Tanzania Region, fuchsitic quartzite from the
Mafulungu Metamorphic Belt, in the Undewa-Ilangali Terrane, pre-
serves ∼4013–3604 Ma  detrital zircon ages from older magmatic
rocks, whose source regions have not yet been located. Deposi-
tion of the protolith to the quartzite occurred between ∼3604
Ma,  the minimum age of detrital magmatic zircons, and 3230 Ma,
the minimum age for a crosscutting quartz diorite, in the Mafu-
lungu Metamorphic Belt. It was  also before the formation of the
>3140 Ma  basement rocks in the Mazoka Greenstone Belt. The
∼2815–2660 Ma  ages from the Mazoka Greenstone Belt proba-
bly date rift-related basic volcanism associated with ∼2740–2704
Ma felsic granitoid magmatism. The ∼2702 Ma granitoid schist
(amphibole granitoid) is most likely one of the apophyses of the E-
W-trending ∼2691 Ma  hornblende granite extending from Mazoka
to Mafulungu (Fig. 5). These samples deﬁne a ∼2900–2700 Ma
period of protracted magmatism in the Undewa-Ilangali Terrane.
The near coincidence and association of the ∼2691 Ma event with
intense overprints of hydraulic fracturing and alteration in the por-
phyritic andesite cannot be ruled out, although the event is not yet
well constrained. These events are recorded by zircons with highly
variable internal and external morphological features, showing evi-
dence of partial recrystallization and overprinted zoning, possibly
recording strong deformation and/or high-temperature hydrother-
mal  ﬂuid activity. The diffusional Pb-loss recorded in most samples
may  be ampliﬁed by this activity.
The discordance patterns for samples JK-01 and JK-02 could be
a consequence of zircon radiation damage and the loss of radio-
genic Pb attributed to regional tectonic reactivation and uplift along
major superterrane boundaries at some time between ∼600 Ma  and
570 Ma.  The geological signiﬁcance of this event is drawn from the
presence of craton-wide cross-faults that extend from the Archean
Central Tanzania Region to the East African Orogen of Tanzania
(Figs. 1 and 3). These structures splay off along a suture zone out-
lined by the Uluguru-Pare Superterrane (Figs. 1 and 3). This suture
zone, which splays and/or extends into NW-SE trending transcur-
rent shear/fault zones, including the Aswa Shear Zone of northern
Uganda, was  reactivated during the collision between the East and
West Gondwana continents at ∼600 Ma  (Urung, 1996), ∼560 and
550 Ma  (Johnson et al., 2003; Cutten et al., 2006), or ∼570 Ma (this
study).
Inherited zircons extracted from porphyritic andesite (sample
JK-03) preserve near-concordant older ages of up to 3140 ± 7 Ma,
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Table  12
SHRIMP data from zircons extracted from sample JK-10 (mount UWA  06-07C), a biotite-hornblende gneiss, Singida-Mayamaya Terrane.
Grain-spot U (ppm) Th (ppm)
232Th
238U
f206 (%)
207Pb
206U
±1 207Pb235U ±1
206Pb
238U
±1 207Pb206U
Age (Ma)
±1 %Disc.
1-1 567 228 0.42 0.35 0.1649 0.0007 6.82 0.07 0.2998 0.0026 2507 8 48
4-1  42 23 0.56 0.05 0.1837 0.0017 13.09 0.25 0.5167 0.0086 2687 15 0
5-1  188 173 0.95 0.49 0.1814 0.0018 11.70 0.17 0.4678 0.0047 2665 17 8
6-1  149 93 0.64 0.03 0.1826 0.0009 13.20 0.15 0.5240 0.0055 2677 8 −1
7-1  473 290 0.63 0.02 0.1790 0.0004 11.35 0.10 0.4597 0.0040 2644 4 8
9-1  332 226 0.70 0.10 0.1824 0.0007 12.34 0.12 0.4908 0.0044 2675 6 4
10-1  374 268 0.74 1.25 0.1828 0.0012 10.33 0.13 0.4097 0.0042 2679 11 21
11-1  415 593 1.48 0.02 0.1827 0.0012 11.86 0.14 0.4709 0.0043 2677 11 8
12-1  371 183 0.51 0.02 0.1832 0.0008 13.23 0.14 0.5238 0.0049 2682 7 −1
12-2 455 231 0.52 0.03 0.1805 0.0004 11.85 0.11 0.4761 0.0042 2657 4 6
13-1  218 227 1.08 0.09 0.1823 0.0008 12.81 0.14 0.5096 0.0052 2674 7 1
17-1  282 319 1.17 0.02 0.1839 0.0006 13.23 0.13 0.5218 0.0049 2688 5 −1
.0010 
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otes: (1) f206 (%) is % of 206Pb attributed to common Pb; (2) Disc. = discordance; (3
old);  (4) reproducibility (2) of U/Pb for Temora 2 = 1.56% (n = 12).
hich is within the range to the following events in the Central Tan-
ania Region: (1) syn-rifting or volcanism and solidiﬁcation of the
recursor porphyritic andesite prior to the 2702 ± 6 Ma  intrusion of
he precursor to the biotite-granitoid schist in the Mazoka Green-
tone Belt; (2) eruption of basaltic magma  carrying xenoliths of the
aulted basement rocks older than 3140 Ma.  This implies that the
3230 Ma  quartz-diorite gneiss (JK-04) was part of the basement
ocks covering the entire Undewa-Ilangali Terrane; (3) a regionally
dentiﬁed ∼620–570 Ma  event, possibly attributed to Neoprotero-
oic craton-wide tectonothermal activity; (4) a ∼570 Ma  event,
hich most likely reﬂects magmatism and peak metamorphism
eading to uplift of the terranes.
The protolith for a quartz-diorite schist (JK-04) intruded therust underlying the Mafulungu Metamorphic Belt not later than
230 ± 4 Ma,  the minimum age of least discordant zircon. This
s consistent with an >3140 Ma  inherited zircon age from older
rthogneissic crust upon which the porphyritic andesite was
able 13
esults and interpretations of the new geochronological data (this study).
Sample Rock type Ages (Ma) Interp
JK-01 Hornblende-granitoid 2892–2718 Xenoc
crysta
2691  ± 7 Magm
JK-02 Biotite-sericite
quartzo-feldspathic schist
2702 ± 6 Age fo
∼2740 Minim
JK-03  Porphyritic andesite >3140 Inheri
∼2815  ± 7 Age of
minim
granit
∼620–570 Isotro
JK-04 Quartz-diorite schist 3230 ± 4 Minim
JK-05  Fuchsitic-sericitic-quartzite 4013 ± 4 Age of
3604 ± 6 Minim
silicicl
JK-06  Granulitic maﬁc-amphibolite 605 ± 9 Amph
586 ± 5 Resett
∼560  Uncon
JK-07 Enderbite 603 ± 9 Amph
xenoli
582  ± 9 Possib
∼574 Empla
JK-08 Biotite-quartz-feldspar gneiss 2670 ± 8 Minim
615–610 Peak o
∼575 Conta
JK-09 Amphibolite schist None Not en
JK-10 Biotite-hornblende granitoid 2681 ± 5 Syn-te13.18 0.17 0.5225 0.0063 2680 9 −1
 common Pb and/or >5% discordant: not included in age calculation (highlighted in
erupted in the Mazoka Greenstone Belt (Figs. 4 and 5). It is also
most likely that the fuchsitic quartzite is part of a series of rafts,
caught up during the emplacement of the precursors to the TTGs in
the Central Tanzania Region.
7.2. Mkurumu-Magamba Terrane, East African Orogen
Biotite quartzo-feldspathic gneisses in the Kilindi-Handeni
Superterrane preserve ∼2670–2630 Ma  age components, but with
strong ∼620–570 Ma  records of multiple deformation, exhuma-
tion and tectonic reactivation events. Maﬁc to felsic gneisses in
the Mkurumu-Magamba Terrane are a product of Neoprotero-
zoic orogenic and tectonic overprints recorded at between 620
and 570 Ma by xenocrystic zircons from garnet-quartz-feldspar-
amphibole gneiss (JK-06), and reset zircon ages from a gneissic
garnet-amphibole-pyroxene granitoid (JK-07) and biotite-kyanite
quartzo-feldspathic gneiss (JK-08). These high-grade metamorphic
retation
rystic ages reﬂecting incorporation of old magmatic rocks into magma  prior to
llisation.
atism age producing protolith hornblende-granitoid.
r magmatism producing protolith to concordant granitoid schist.
um age of xenocrysts incorporated by the magma.
ted from older crust (contaminants) during/prior to volcanic eruption.
 the supracrustal accumulation of the protolithic porphyritic andesite, whose
um age of deposition is 2702 ± 6 Ma (emplacement age for the concordant
oid JK-02).
pic resetting by metamorphism (part of multiple-phase resetting?).
um age of magmatism producing protolith.
 oldest detrital magmatic zircons.
um age for detrital magmatic zircons, which is also the maximum age of the
astic sedimentary accumulation.
ibolite-granulite facies metamorphism of basement rocks.
ing event from contact metamorphism following intrusion of JK-07 granitoid.
strained resetting event, possibly exhumation.
ibolite-facies maﬁc granitoid with xenocrysts inherited from contamination of
ths (similar to JK-06 and JK-08).
le resetting of inherited zircons by the magma.
cement/crystallisation of the protolithic magma.
um age of magmatism producing protolith.
f granulite facies metamorphism.
ct metamorphic resetting from the intrusion of JK-07.
ough zircons recovered from the rock to produce reliable age data.
ctonic magmatism.
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eatures are preserved by zircon overgrowths and newly grown zir-
ons typical of peak amphibolite-granulite facies metamorphism
Fig. 13A and B).
The spread of Neoproterozoic zircon ages from these three sam-
les (JK-06-08) is similar (Fig. 14A–E), suggesting that speciﬁc
raton-wide tectonic events, including emplacement of the precur-
or to a gneissic garnet-amphibole-pyroxene granitoid (JK-07) at
85–575 Ma,  occurred prior to the ∼550 Ma  ﬁnal collision between
ast- and West-Gondwana (Möller et al., 2000). Amphibolite- to
ranulite-facies metamorphism, which is recorded at ∼620–600
a,  was probably attained prior to that collision. A consistent,
lthough minor, event from these samples, which occurred at ∼570
a,  is within error of the 585–575 Ma  period of maﬁc grani-
oid magmatism prior to collisional tectonics. The granulite-facies
etamorphism recorded from JK-07 is also recorded by zircons
rom sample JK-08, which show a discordance pattern consistent
ith a single episode of Pb-loss attributed to ∼620 Ma peak meta-
orphism. This was most probably attained in an active continental
argin setting. The spread and scatter in ages is atypical of multiple
ource regions, suggesting that 2670–2630 Ma  crustal rocks, under-
ying the Mkurumu-Magamba Terrane, were deformed, exhumed
nd tectonically reactivated during late Neoproterozoic times.
.3. Singida-Mayamaya Terrane, Lake Nyanza Superterrane
A biotite-hornblende granitoid (JK-10) was emplaced at
681 ± 5 Ma  during a superterrane-scale tectonic event, which led
o the ubiquitous intrusion of the syn- to late-kinematic granitoid
ntrusions in the Lake Victoria Region (Fig. 2). It intruded along
eactivated, NW-SE to WNW-ESE trending, through-going shear
ones, which cut across the Kwa-Mtoro-Sanzawa Greenstone Belt.
t is most likely that some granitic magmas were injected into
trongly deformed and altered maﬁc to intermediate igneous rock
n the Sanzawa Greenstone Domain during that deformation event
Figs. 1 and 16).  An attempt to date the emplacement age of the
aﬁc to intermediate igneous rock was thwarted by the scarcity of
ircons. However, the intrusion of a biotite-hornblende granitoid
nto the greenstone sequence implies that 2681 ± 5 Ma  is the best
stimate of the minimum age of accumulation of supracrustal rocks
n the Singida-Mayamaya Terrane. In addition to similar broad time
indows for the evolution of greenstone belts between the Lake
ictoria and Central Tanzania Regions, the syn-tectonic intrusion of
he hornblende-biotite granitoid (JK-10) at ∼2681 was  part of the
2690–2660 Ma  intense late- to post-kinematic granitoid intru-
ion events in the Lake Nyanza Superterrane (Fig. 2). This event has
o far not been detected in the Central Tanzania Region.
. Summary
The new geochronological data (Table 12)  and interpreted oro-
enic events based on them are summarized in Fig. 16.
.1. Central Tanzania Region
The present SHRIMP U–Pb in zircon geochronology study of
elected rocks from the Central Tanzania Region, placed in the con-
ext of geological constraints, shows that:
1) Remnant detrital zircons at ∼4013–3604 Ma  reﬂect episodic
periods of magmatism, providing indirect evidence of the old-
est crust so far identiﬁed in the Mafulungu Metamorphic Belt,
Central Tanzania Region.
2) Accumulation of the siliciclastic precursors to the fuchsitic-
sericite quartzite occurred in the Mafulungu Metamorphic Belt
in the period ∼3604–3230 Ma.h 216– 219 (2012) 232– 266
(3) A period of basic to felsic magmatism at ∼3230 Ma  was  respon-
sible for the intrusion of quartz diorite into the crust underlying
the Mafulungu Metamorphic Belt. There is no evidence for com-
ponents of the older Archean crust in the magma  responsible
for the quartz diorite during this event.
(4) Multiple events, including volcanism, sedimentation, emplace-
ment of granitoids and high-temperature low-pressure meta-
morphism, occurred at ∼2815–2660 in the Mazoka Greenstone
Belt. These events were both concurrent with and subsequent to
compressional to transpressional orogeny, possibly late during
accretion of the Undewa-Mazoka Sub-Terrane.
(5) The ∼2692 Ma  hornblende granitoid (JK-01) from the Mazoka
Greenstone Belt is part of the E-W-trending belts of hornblende
granitoids to the north and south of the Mazoka Greenstone
Belt (Fig. 4). The ∼2702 Ma  emplacement age for the precur-
sor to biotite granitoid schist, along the lithotectonic contacts
between basal basaltic ﬂows and intermediate-felsic volcanic
rocks, is within range of the age of intrusion of the extensive
amphibole granite. This suggests that the latter formed part of
the apophyses to the main amphibole granite which intruded
during reactivation of the major shear zones and associated
structural splays (Fig. 5).
(6) A ∼620–570 Ma  tectonothermal event recorded in the Undewa-
Ilangali Terrane is restricted to reactivated major terrane and
superterrane boundaries. These crustal-scale structures are evi-
dent from remotely sensed imagery, used by Kabete et al. (2012)
to interpret the bedrock geology and tectonic setting of the
Tanzania Craton.
The present data provide a signiﬁcant improvement in under-
standing of the crustal evolution of the Central Tanzania Region,
previously simply deﬁned as older than >3120–2530 Ma based on
K–Ar and Rb/Sr whole-rock analyses (Borg and Shackleton, 1997).
8.2. East African Orogen of Tanzania
In the Southern East African Orogen of Tanzania, the new
SHRIMP II results show that:
(1) The tectonic evolution of the Kilindi-Handeni Superterrane
involved Neoarchean crust which was older than ∼2670 Ma.
(2) Mobile belts were characterized by thinned crust, a high-
temperature gradient, and episodic orogenic events, including
rifting events.
(3) A ∼620–603 Ma  event is interpreted to mark the peak of
the high-temperature low-pressure amphibolite to granulite
facies metamorphism, including partial melting, after burial.
A ∼585–570 Ma  period of recrystallization of partial melts
at deeper crustal levels involved residual melt of enderbitic
magma  with no assimilation of xenoliths of gneissic basement
rocks.
(4) Around 560–550 Ma  is interpreted to record the timing of
exhumation from hypozonal to mesozonal crustal levels asso-
ciated with collision between the East and West Gondwana
continents, with some high-grade metamorphic reworking.
8.3. Singida-Mayamaya Terrane, Lake Victoria Region
New data from this study in the Singida-Mayamaya Terrane
reveal a maximum age of ∼2681 Ma  for a craton-wide NW-to-SE
directed maximum shortening event responsible for the reactiva-
tion of the major superterrane boundaries and intrusion of NW-SE
trending late-kinematic granitoids. The age further conﬁrms that
the Singida-Mayamaya Terrane, together with other crustal blocks,
is part of the Lake Nyanza Superterrane.
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. Conclusions
The Undewa-Ilangali Terrane in the Central Tanzania Region
osts the oldest rocks so far dated in Tanzania, ∼3230 Ma  quartz-
iorite schist and ∼3600 Ma  fuchsitic quartzite with detrital zircon
omponents as old as ∼4013 Ma.  The source regions for the
4013–3604 Ma  detrital zircons have not yet been identiﬁed.
he >3140 Ma  xenocrystic zircon age from a porphyritic andesite
uggests that the basement rocks within which greenstones accu-
ulated in the Mazoka Greenstone Belt was part of the >3230 Ma
uartz diorite in the Mafulungu Metamorphic Belt (Fig. 4).
Although correlation between the lower stratigraphic units of
asalts, basaltic andesite and porphyritic andesite in the Mazoka
reenstone Belt, and similar sequences in the gold-endowed Suku-
aland terranes, are not well constrained, they both erupted from
2823 to 2815 Ma,  possibly during a craton-wide rift-related vol-
anic event (Kabete et al., 2012: Fig. 19b).
The Dodoman Basement Superterrane comprises ∼2850–2660
a supracrustal rocks tectonically juxtaposed against >3230 Ma
asement rocks, similar in tectonic style to the tectonic trans-
ortation of the Isanga-Mtera Terrane, as interpreted by Pinna
t al. (1996).  Whereas the ∼3604–3230 Ma  Dodoman Basement
uperterrane was most likely contiguous with some terranes
f the ∼2896–2643 Ma  Usagara-Ukaguru Superterrane (Western
ranulites), the Lake-Nyanza Superterrane was contiguous with
he Kilindi-Handeni Superterrane prior to the ∼2210–1877 Ma
sagaran and ∼640–550 Ma  Pan-African orogenic events.
Proto-Archean metamorphic belts, including granitoid–
reenstone terranes in the East African Orogen, were emplaced
n to a weak, thin, and thus mobile, lithosphere prior to the
2210–1877 Ma  Usagaran and 950–550 Ma Neoproterozoicgeochronology data from the Southern East African Orogen (Mkurumu-Magamba
art from the Singida-Mayamaya Terrane, part of the present study, all other robust
ctoria Region (Chamberlain and Tosdal (2007); Manya et al., 2006).
orogenic events. The Archean Kilindi-Handeni Superterrane was
affected by the ∼620–587 Ma  amphibolite to granulite facies
high-temperature metamorphism at the base of the ∼800–640 Ma
subduction-related arc-magmatic rocks following the subduction
of the Mozambique Ocean beneath East Gondwana (e.g. Fritz et al.,
2005; Cutten et al., 2006 and references therein). The ∼620–587
Ma partial melts and anatectic magmatic rocks, thick sequences
of ∼640–1000 Ma  enderbitic to charnockitic maﬁc granulites, and
thrust sheets of metamorhosed carbonaceous to pelitic, marbles
and quartzite were tectonically exhumed to form the Neoprotero-
zoic Pare-Uluguru Superterrane. Some were further tectonically
transported and emplaced on to the Archean Central Tectonic Zone
and Archean-Paleoproterozoic Tectonic Front in the East African
Orogen at some time between 575 and 570 Ma.
Based on geological and geometrical considerations and U–Pb
zircon geochronology from this study, the Lake Nyanza Superter-
rane extended from the Nyakahura-Burigi Terrane to as far as the
Kilindi-Handeni Superterrane, and the Dodoman Basement Supert-
errane was sutured to the Usagara-Ukaguru Superterrane prior to
the Proterozoic orogenic events.
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Appendix A. Zircon standard information
The zircon reference standards for all zircon analyses were
Temora 2 for the U/Pb ratio, corresponding to an age of
416.78 ± 0.33 Ma  (Black et al., 2004), and CZ3 for U-content (i.e.
551 ppm U; Nelson, 1996).
nalysed# 2 external precision
on U/Pb analyses of
Temora 2
Number of Temora 2
analyses for session
2.14% 9
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2.46% 7
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2.40% 11
0.72% 10
0.82% 6
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1.32% 9
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1.56% 12
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that mount.
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